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ABSTRACT 


Heat transfer measurements have been made for filmwise condensation of steam on 
three families of horizontal integral finned copper tubes. The families differ from each 
other in their tube root diameter (12.7mm, 19.05mm, 25.00mm). The tubes making up 
each family differ from each other only in the fin spacing. Similar measurements have 
been carried out on three smooth horizontal copper tubes of outside diameters equal to 
the root diameters of each familv, allowing the heat transfer enhancements due to the 
fins to be measured directly. Results carried out under vacuum and atmospheric condi- 
tions indicate that there is a optimum fin spacing which is independent of tube root di- 
amieter and operating pressure. This optimum fin spacing is 1.5mm. 

Heat transfer measurements were carried out on all tubes with and without the use 
of a spiral insert (used to enhance the internal heat transfer). It was found that with the 
current processing technique used, the heat transfer enhancement for a finned tube 
(which is based on the outside heat transfer coefficient) varies depending on whether or 
not an insert is used, the enhancement being lower when no insert is used. However, it 
was found that when testing a smooth tube there was no difference when an insert was 
or was not used. There is a need to develop a more accurate correlation for the inside 
heat-transfer coefficient. 

Further tests have been repeated using a finned tube geometrically similar to one 
being tested at the University of London. Discrepancies that existed between the two 


sets of data have been eliminated. 
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I. INTRODUCTION 


A. BACKGROUND 

There 1s no foreseeable limit to the new technologies that are being developed for 
and implemented in today’s naval vessels. Weapons systems and their associated com- 
puters and sensors are more powerful than ever. As these new technologies find their 
way into our naval vessels, they bring with them larger energy demands, larger cooling 
demands, and in many cases, increased space and weight requirements. As energy costs, 
concerns, and requirements grow, the navy is faced with the task of becoming more ef- 
ficient. Modern marine propulsion plants must be designed to provide the maximum 
power with the smallest, lightest and most cost effective equipment. Decreasing the size 
and weight of main and auxiliary heat exchangers is one means by which this may be 
accomplished. The Naval Postgraduate School (NPS) along with the David Taylor Re- 
search Center and support from the National Science Foundation is currently involved 
in research to reduce the size and weight of condensers. 

The effectiveness of condensers is limited by the thermal resistances of the coolant 
side, the vapor side and the tube wall. Reducing any of these resistances will result in 
a better overall heat transfer coefficient. One way to reduce the thermal resistances on 
the coolant and vapor sides 1s through tube enhancement. Coolant side enhancement 
is achieved by using turbulence promoters such as ribs or inserts. Vapor side enhance- 
ment can be achieved by using fins of various shapes and sizes. This thesis studies vapor 


side enhancement, specifically low integral fin condenser tubes. 


B. CONDENSATION 

Condensation may occur in one of two possible ways, filmwise or dropwise. With 
filmwise condensation, the condensate film covers the entire condensing surface and, 
under the action of gravity, the film flows continuously from the surface. With dropwise 
condensation, the condensate forms discrete drops on the surface which grow, coalesce 
and, when big enough, drain from the surface under the action of gravity. The surface 
will be covered with drops, ranging from a few micrometers in diameter to larger ones 
visible to the naked eye. Regardless of whether it is in the form of a film or droplets, the 
condensate provides a resistance between the vapor and the surface. Because this re- 
sistance increases with condensate thickness, which increases in the flow direction, it is 


desirable to use short vertical surfaces or horizontal cylinders in situations involving film 


andensation. In terms of maintaining high condensation and heat transfer rates, 
droplet formation is superior to that of film formation. In dropwise condensation most 
of the heat transfer is through drops less than 100um in diameter, and transfer rates that 
are more than an order of magnitude larger than those associated with film condensation 
may be achieved. Although it would be desirable to achieve dropwise condensation be- 
cause of the higher convection coefficients, it 1s difficult to maintain it over long periods. 
For this reason, condenser design calculations are based on the assumption of film 


condensation, often yielding conservative results. [Ref. 1] 


C. HEAT EXCHANGER HEAT TRANSFER ANALYSIS 
The basic equation used for the transfer of heat between a hot and cold fluid in heat 


exchanger design 1s: 
O = UA(LMTD) (Tat) 


where: 
O = Heat transfer rate across the surfaces 
U = Overall heat transfer coefficient 
A = Surface area for heat transfer consistent with U 


LMTD = Log mean temperature difference (between the vapor and the coolant) 


This gives a relationship between the temperature difference and the heat transfer rate 
in the heat exchanger. In a condenser with coolant flowing inside a condenser tube and 
vapor condensing on the outer tube surface, resistances limit the overall heat transfer 
coefficient (LU) and subsequently the heat transfer rate. Because of the low thermal 
conductivity of most liquids in a bulk flow, the coolant side thermal resistance 1s usually 
dominant. Methods of decreasing the coolant side resistance include the use of turbu- 
lence promoters (such as twisted inserts) or internal ribbing. However, the increased 
internal pressure drop associated with these methods require additional pumping power; 
also the likelihood of fouling increases so there is a trade-off. The tube wall thermal 
resistance 1s purely conductive and is constant for a given material. An optimal balance 
between high conductivity, low corrosivity and light weight are sought when choosing a 
material. The vapor side thermal resistance is due to the condensate film which forms 
on the outer tube surface. Decreasing the vapor side thermal resistance can be accom- 
plished through increasing the outside surface area by the use of fins or by using drain- 


age strips or (for dropwise condensation), the use of dropwise promoting coatings. 


The log mean temperature difference (LMTD), which gives an effective temperature 
difference between the vapor and the coolant, 1s a function of the coolant inlet and outlet 
temperatures and the vapor saturation temperature. 


ae 
LV oe (1.2) 


lS Ty | 
GSS 
ay T, 
Tiere. 

T, = Coolant inlet temperature 


T, = Coolant outlet temperature 


1§ 


$ 


a = Vapor| Condensate saturation temperature 


The overall heat transfer coefficient (U) 1s inversely proportional to resistance to 
heat transfer. The area (A) consistent with this coefficient 1s the outside area of the tube. 
Normal convention dictates this. Therefore, increasing the outside surface area should 
result in a higher heat transfer rate. However, it turns out that increasing the outside 
surface area by the use of fins gives a higher heat transfer enhancement than would be 
expected from the area increase alone. Wanniaraclichi et al. [Ref. 2] and Yau et al. [Ref. 
3] observed that the increase in heat transfer 1s due not only to the area increase but also 
to thinning of the condensate film on the fin tips and flanks due to surface tension ef- 
fects. High surface tension fluids such as steam, once thought to be unacceptable for 
use with finned tubes because of the large amount of interfin flooding which occurs, were 


included in this observation. 


D. CONDENSATION RESEARCH AT THE NAVAL POSTGRADUATE SCHOOL 

The current program at NPS to study the effects of enhanced surfaces in 
condensation began in 1982. Van Petten [Ref. 4] summarizes the work done up until 
December 1988. The program of work was designed as a systematic study to determine 
the effects of varying fin parameters such as fin spacing, shape and height and 
vapor/liquid environments on condensation heat transfer enhancement. Van Petten 
studied the effects of varying tube diameters (fin root diameters of 12.7, 19.05, and 25.0 
mm) with three different test fluids (steam, R-113, and ethylene glycol). The fluids were 
chosen because they were inexpensive, readily available, had well documented fluid 
properties and a wide range of surface tensions. He found that the optimum fin spacings 


(ie. the fin spacings which gave the largest increase in heat transfer when area effects 


'. ve been taken into account) were 0.5, 1.0, and 1.5 mm for R-113, ethylene glycol and 
steam respectively. He also found that the effect of root diameter on the vapor side 
coefficient was small and that two or more competing mechanisms may exist as root 
diameter increases. As tube root diameter increases, the condensate retention angle de- 
creases resulting in a larger portion of the tube being unflooded. This should lead to an 
increase in enhancement. However, when tube diameter increases, the condensate must 
flow along a longer path from the top to the bottom of the tube. This longer path yields 
a larger than average film thickness in the unflooded portion of the tube. This degrades 
the performance in the unflooded portion of larger diameter tubes. Wan Petten also 
compared his results for a particular tube with those of a similar tube which was being 
used in a concurrent research project at Queen Mary College (University of London), 
He found that his results compared very well for R-113 but not for steam. The steam 
comparison exhibited a large discrepancy, the QMC data giving much lower enhance- 
ments. All condensation tests done at NPS using steam as the working fluid are done 
with a spiral insert in the condenser test tube. The reasons for using an insert when 
steam is the working fluid are that inserts can reduce the thermal resistance on the inside 
of the tube which, for steam, 

may be as much as 50 to 60 percent of the total resistance when no insert 1s used. In- 
serts also reduce circumferential wall temperature variations and thermal entrance effects 
by inducing quicker turbulent boundary layer growth. 

Up to this point, the effect of vapor velocity had not been studied. In December 
1988, Hopkins [Ref. 5] looked at the effect of vapor velocity (up to 31 m/s) on filmwise 
condensation heat transfer enhancement. [I look [Ref. 6], a previous NPS student (Dec 
84), also tested for vapor velocity effects but achieved vapor velocities only up to 8 m/s. 
Hopkins tested one smooth tube and three finned tubes using steam and R-113 as the 
working fluids. He found that the smooth tube experienced the largest percent increase 
in outside heat transfer enhancement with increase in vapor velocity. Furthermore, he 
also found that as vapor velocity increased, finned tube enhancement dropped off and 
approached that of smooth tubes at similar velocities. Hopkins noted that for the two 
fluids tested, finned tube performance (ie. enhancement over a similar smooth tube) 
showed opposite trends. With R-113 as the working fluid, tube performance increased 
as fin spacing increased. With steam as the working fluid, tube performance decreased 
with increased fin spacing. The exact reason for this was unknown. 

In December 1989, Coumes [Ref. 7], in an attempt to resolve the discrepancy be- 


tween NPS and QMC which arose during Van Petten’s work. obtained a tube from 


QMC and modified it for testing in the NPS apparatus. The main differences between 
the QMC tube and the NPS tube to which it was being compared were that the QMC 
tube had a shorter condensing length and a groove cut lengthwise across the fins for a 
drainage strip. Also, the machined quality of the tubes differed. The fin thickness for 
both tubes was supposed to be .5 mm. However, close inspection of the machined sur- 
faces revealed that the fins on the QMC tube had thicknesses which ranged from .38 to 
.71 mm _ while the NPS tube had fin thickness which ranged from only .48 to .51 mm. 
Coumes only tested with steam and his results again showed poor comparisons. It 
should be noted that the QMC tube which Coumes refers to and the QMC tube which 
Van Petten refers to are different. The “QMC tube” used in the work of Coumes is the 
tube he obtained from London. Van Petten’s “QMC tube” is one he had manufactured 
to enable direct comparison with QMC data. Coumes refers to this tube as the 
QMCNPS tube. Here they will be referred to as tube FO86 (QMCNPS) and tube F087 
(QMC London). Coumes also tested the small diameter tube fanuly with steam as the 
working fluid in order to verify some of Van Petten’s data. With the small tube family, 
Van Petten’s results showed a drop in heat transfer enhancement for a fin spacing of 1.5 
mm (the same spacing which showed maximum enhancements for the medium and large 
tubes with steam). Coumes results showed the same dip at 1.5 mm. Coumes also began 
modifications to the apparatus to study the effects of condensate inundation. He was 
unable to obtain any heat transfer data due to system integrity problems (ie. he was 
unable to get the system vacuum tight) but he was able to observe condensate flow 


patterns for various condensate flow rates. 


E. OBJECTIVES 
The main objectives of this thesis were: 


1. Collect steam condensation data on single horizontal finned tubes of differing di- 
ameters for comparison with previously obtained NPS results. 


2. Manufacture a large diameter smooth tube to be tested in addition to small and 
medium diameter smooth tubes previously tested to compare and determine the 
effect of tube diameter on smooth tube results. 


3. Collect steam condensation data on single horizontal tubes of differing diameters 
with and without the spiral insert to determine the effects of the insert on the data 
reduction scheme. 


4. Have a new small diameter tube family manufactured, in particular tubes with fin 
spacings of 1.25 and 1.75 mm, to verify the dip in the heat transfer enhancement 
at a fin spacing of 1.5 mm. 


Il. LITERATURE SURVEY 


A. INTRODUCTION 

When vapor condenses in the filmwise mode on a smooth horizontal tube, a thin, 
continuous layer of condensate forms on the tube. As the condensate flows down 
around the perimeter of the tube, the condensate film thickens. The condensate film 
provides a resistance to heat transfer which increases as the film thickness increases. In 
order to enhance the heat-transfer of a tube, this condensate film and its associated re- 
sistance must be reduced. Some methods used to thin the condensate film involve the 
use of finned surfaces, wire wrapped tubes and porous drainage strips. The focus of this 
investigation is the continuation of ongoing research at the Naval Postgraduate School 
to study the effects of finned surfaces on heat-transfer enhancement of horizontal 
condenser tubes. 

For many years, finned tubes were considered unsuitable for use with high surface 
tension fluids (eg. water) because of the large amount of liquid retention or interfin 
flooding on the bottom portion of the tubes. This thick film on the bottom portion of 
the tube was thought to negate the effects due to thinning of the film on the upper 
portion of the tube. However, recent work by Wanmiarachchi et al. [Ref. 8] and Yau et 
al. [Ref. 3] has shown that there is considerable enhancements even for fully flooded 
tubes. Apparently heat-transfer at the fin tips 1s still effective. It 1s essential, therefore, 
to understand the complex physical phenomena that occur in this two-phase heat- 
transfer situation. Marto [Ref. 9] provides an extensive review and development of film 


condensation on horizontal finned tubes. 


B. CONDENSATE RETENTION 

When a horizontal finned tube comes in contact with a highly wetting liquid, surface 
tension forces cause the liquid to be retained between fins on the bottom portion of the 
tube. The condensate retention angle (‘’) has been defined as the angle measured from 
the bottom of the tube to a point around the tube circumference where the condensate 
film between fins just fills the entire interfin space. This angle, shown in Figure 1, is 
dependent on the fluid properties and the fin geometry. 

In 1946, the first measurements of condensate retention were made by Katz et al. 
[Ref. 10]. These measurements were made under static conditions (ie. no condensation 


taking place) using various fluids and fin densities. It was shown that as much as 100 
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Figure 1. Schematic of Condensate Retention Angle on Finned Tubes 


_rcent of the tube surface could be flooded with retained condensate, depending mainly 
on the ratio of surface tension to liquid density and on the fin spacing. Equation (2.1) 


shows the relationship developed by Katz et al. 
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where 
YY = condensate retention angle (degrees) 
ao = surface tension 
g = gravitational constant 
Pp, = condensate densily 
D,= fin diameter 
D. = root diameter 


s = interfin spacing for rectangular fins 


This equation shows that increasing the ratio between the surface tension and the 
condensate density will lead to an increase in condensate retention angle. Also, for 
constant fin height and fin spacing, an increase in root diameter will lead to a decrease 
in condensate retention angle. 

In 1981, Rudy and Webb [Ref. 11] were the first to measure condensate retention 
angles under both static and dynamic (condensation occurring) conditions. In addition 
to confirming the Katz et al. conclusions, they also concluded that the condensate re- 
tention angle did not differ significantly under static and dynainic conditions. Later, in 
1983, Rudy and Webb [Ref. 12] developed the following equation to predict the 


condensate retention angle for finned tubes of different geometries: 


eae (2.2) 


2o(2e—1t 
Y= coo | 
where 
e = fin height and 


t = fin thickness for a rectangular fin 


Rudy and Webb found that Equation (2.2) predicted the condensate retention angle to 


within 10 percent. 


In 1983, Honda et al. [Ref. 13] confirmed, from a photographic study, the conclusion 
of Rudy and Webb that static and dynamic retention angles were approximately the 
same. Honda et al. developed the following expression for the condensate retention 
angle: 


(2.3) 
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where 
B = fin — tip half angle 


They also showed that by attaching a porous drainage strip, the condensate retention 
angle could be significantly reduced. 
In 1985, Rudy and Webb [Ref. 14] expanded their 1983 model to account for fins 


of trapezoidal shapes (see Figure 2). They developed the following expression: 
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where 
t, = fin thickness at tip 
t, = fin thickness at base 
S, = interfin spacing at base 
For a rectangular shaped fin (ie. when ¢, = /,), Equation (2.4) reduces to 
i cos Bon ine | (2) 
DPBS 


which 1s identical to Equation (2.3) of Honda when f = 0 degrees. 

In 1987, Masuda and Rose [Ref. 15], by observing static liquid retention on finned 
tubes, discovered that condensate was retained on the upper portion (previously referred 
to as the unflooded portion) of the tube as well as the bottom (flooded) portion of the 
tube. On the upper portion of the tube, the retained condensate forms a small liquid 
wedge between the flanks of the fins and the tube surface in the interfin space. This ts 
shown schematically in Figure 3(a). Figure 3 also shows four different flooding condi- 
tions based on the profile of the liquid wedge. Masuda and Rose developed four sepa- 


rate expressions , one for each of the flooding conditions. Condition (3) was considered 
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Figure 2. Trapezoidal Fin Used by Rudy and Webb 


to be the fully flooded condition, and in this situation, their cxpression reduces to 
I-quation (2.5) for rectangular shaped fins. 

ITonda ct al. [Ref. 16], in 1987, developed two cquations for the prediction of the 
condensate retention angle. One expression was used when the fin spacing was twice the 
fin height and the other when fin spacing was less than twice the fin height. The latter 


case, for rectangular finned tubes, reduces to Equation (2.5). 


C. HEAT TRANSFER 

In 1948, Beatty and Katz [Ref. 17] performed experiments condensing various fluids 
on single horizontal finned tubes to obtain the vapor side heat-transfer coefficient. Their 
model, which neglected surface tension completely, used the Nusselt analysis [Ref. 18] 
for condensation on a horizontal tube and condensation on a vertical surface. By con- 
sidering the finned tube to be a combination of the two parts, a horizontal smooth tube 
with vertical fins, they arrived at the following expression for the average heat-transfer 


coeflicient: 
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Figure 3. Flooding Conditions Proposed by Masuda and Rose 
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where 
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h,, = specific enthalpy of vaporization 

k, = thermal conductivity of condensate 

i, = dynamic viscosity of condensate 

n, = fin efficiency 

AT,, = temperature drop across the condensate film 
A, = tube surface area between fins 

A, = surface area of fin (flank and tip) 


A, = total effective external surface area, A, = A, + 1A, 


This was the first analytical model to predict the condensing heat-transfer coefficient on 
a horizontal finned tube. The empirically determined leading coefficient (0.689) is only 
five percent less than the theoretically derived constant (0.728) using the Nusselt analysis 
for a smooth tube. Notice that Equation (2.6) shows that the heat-transfer coefficient 
decreases with increasing tube diameter. 

In their experiments, Beatty and Katz only tested tubes with low fin densities and 
fluids with low surface tensions. Rudy and Webb [Ref. 11] found that the Beatty and 
Katz model overpredicted the results for fluids with a higher surface tension to 
condensate density ratio. They attempted to use the Beatty and Katz equation only for 
the unflooded portion of the tube (assuming that the heat-transfer in the flooded portion 


was negligible). 
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where 


hy, = Modified Beatty and Katz Equation 


This equation resulted in underprediction of the experimental results by up to fifty per- 
cent. 

Owen et al. [Ref. 19] concluded that the Rudy and Webb model underpredicted the 
results because of the assumption of no heat transfer 1n the flooded region. Owen et al., 
therefore, allowed for one-dimensional conduction through the condensate film in the 
flooded region but only obtained slightly improved results compared to Rudy and Webb. 

Jt became apparent that condensation on a finned tube was a complex phenomena 
with a number of controlling parameters not considered in previous models. Among 
these are three-dimensional condensate flow, surface tension forces, wall conduction ef- 
fects, condensate film thickness variations and vapor velocities [Ref. 20]. Gregorig [Ref. 
21] in 1954 proved that, when condensation occurs on a vertical fluted surface, surface 
tension also produces pressure gradients that thin the condensate film around the flute 
tips and along the flute sides. But Marto [Ref. 9] points out that Karkhu and Borovkov 
(Ref. 22], in 1971, developed the first analysis which recognized the importance of surface 
tension on horizontal finned tubes. 

In 1985, Webb et al. (Ref. 23] proposed a refined model to the Owen et al model. 
It included surface tension drainage on the fin flanks, gravitv drainage on the interfin 
tube surface and heat transfer in the flooded region. Equation (2.10) is their refined 


model. 
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where 
h = condensing heat — transfer coefficient based on A = nD,L 
h, = heat — transfer coefficient based on the fin surface 
h, = heat — transfer coefficient based on the smooth horizontal tube 
h, = heat — transfer coefficient based on the flooded region 


L = length of the tube 


A 
—_ surface efficiency = i S (1 ae n,) 5 | 
f ‘i 


A, = tube surface area between fins 
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A, = surface area of fins (flank and tip) 


This model divided the finned tube into two regions, the flooded region and the un- 
flooded region. The unflooded region was further subdivided into two more regions, the 
finned region and the interfin smooth tube region. Each of these regions had an asso- 
ciated condensing heat-transfer coefficient. An area weighted average of these three 
condensing heat transfer coefficients (A, A,,4,) resulted in the average outside heat 
transfer coefficient. For the condensing coefficient for the fin (#,), the surface tension 
controlled heat-transfer coefficient proposed by Adamek [Ref. 24] was used. For the 
horizontal smooth heat-transfer coefficient (h,), a modified Nusselt expression, which 
accounted for additional condensate from the fin flanks, was used. For the flooded re- 
gion, the heat-transfer coefficient (h,) was determined by use of a two-dimensional con- 
duction approach for the fin-lquid combination. With this model, Webb et al. found 
that experimental and theoretical results agreed to within twenty percent. 

In 1987, Honda et al. [Ref. 25] introduced the most complete, detailed model to date. 
This model includes the effect of variable wall temperature which enables the problem 
to be treated as a composite problem involving vapor to coolant heat-transfer through 
a finned tube wall. As discussed by Marto [Ref: 9], the Honda model appears to give 
the most accurate predictions of the experimental results , with agreement to within 20 


percent, over the entire range of fin spacings tested. 
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It, APPARATUS AND TUBES TESTED 


A. SYSTEM OVERVIEW 

The apparatus used for this research was essentially the same as used by Van Petten 
(Ref. 4] and Coumes [Ref. 7] with minor modifications. A schematic of the system is 
shown in Figure 4. It consisted of a boiler, glass piping, test section, auxiliary condenser 
and a purging system to remove non-condensing gases. Steam was generated in .3048m 
diameter pyrex glass boiler using ten 4kW 440V Watlow immersion heaters. After 
passing through a .3048m to .1524m reducing section, the steam flowed upward through 
a 2.44m long section of pyrex glass piping, around two simultaneous 90 degree bends 
and back down a 1.52m length of pyrex glass piping before entering the stainless steel 
test section. The condenser tube to be tested was mounted horizontally across the test 
section. A circular viewing port allowed visual observation of the condensing process. 
Figure 5 shows details of the test tube mounted in the test section. Steam which did not 
condense on the test tube passed into the auxiliary condenser located directly below the 
test section. The auxiliary condenser consisted of two concentrically wound copper coils 
inside pyrex glass piping. 

Cooling water for the test tube was provided by two centrifugal pumps connected 
in series. Water to these pumps was provided from a sump tank which was filled with 
a continuous supply of tapwater. The cooling water flow rate to the test tube was con- 
trolled by a throttle valve at the inlet to the flowmeter. The water could be throttled to 
achieve coolant velocities of up to 4.4 m/s for the medium and large diameter test tubes 
(which have the same internal diameter) and 6.5 m/s for the small diameter test tubes. 

Auxiliary cooling water was supplied by tapwater throttled at the inlet of another 
flowmeter. Throttling the flow of tapwater through the auxiliary condenser and thereby 
controlling the rate of condensation in the auxiliary condenser was the means used to 
contro] the internal pressure of the test apparatus. 

To purge the system of all noncondensibles, a vacuum pump was connected to the 
apparatus below the test section. A schematic is shown in Figure 6. Air drawn by the 
pump left the auxiliary condenser via copper tubing and discharged to atmosphere via 
a copper coil located in the cooling water sump. This provided heat exchange and con- 
densed any residual working fluid vapor before it reached the vacuum pump. The 


condensate collected in a plexiglass sump and was emptied via a drain valve at the con- 
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Schematic of Test Section Insert Removed 


Figure 5. 
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“usion of each run. The non-condensing gases were suctioned to the top of the con- 
tainer and drawn into the vacuum pump. Detailed descriptions of this apparatus are 
provided in Refs 4-7,26,27,33. 


B. SYSTEM INSTRUMENTATION 

The input power to the heaters was varied through a panel mounted potentiometer. 
A converter with an input voltage of 440V ac generated a signal which was fed into the 
data acquisition system in order to calculate the power input to the heaters. A detailed 
description of this converter function is given by Poole [Ref. 26]. 

A U-tube mercury-in-glass manometer graduated in millimeters was used to measure 
the internal pressure of the system. This was tapped into the test section, just above the 
test tube. An electrically well insulated copper-constantan thermocouple placed in a 
housing was also located just above the test tube to measure the vapor temperature iie 
temperature rise of the cooling water through the test section was measured by two 
Hewlett-Packard (HP) 2805A quartz crystal thermometers as well as by a 10 junction, 
series connected, copper-constantan thermopile. The temperatures were fed directly into 
the data acquisition svstem described below. Throughout the investigation, the cooling 
Water temperature rise measured by the quartz thermometers and the thermopile agreed 
to within five percent. There were some fluctuations in the thermopile readings, be- 
lieved to be caused by ambient frequency fluctuations. The data reduction program used 
the quartz thermometer measurements for all calculations because of the higher degree 


of accuracy. Calibration data for the quartz thermometers is given in Appendix A. 


C. DATA ACQUISITION SYSTEM 
An HP 3497A data acquisition system, as controlled by an HP 9826A computer was 
used to monitor system temperatures and the power input to the heaters. The data were 


immediately processed and stored on computer disks for later reduction and evaluation. 


D. SYSTEM MODIFICATIONS 

At the beginning of the current investigation, the test section was the same as that 
used by Hopkins and Coumes. This was a different test section than that used by Van 
Petten enabling Hopkins to conduct high velocity experiments and Coumes to study 
inundation effects. The essential differences between the old and new sections are (see 
Figures 7-10): 


I. The condensation test tube inlet and outlet supports on the new test section are 
rectangular (as opposed to circular) enabling up to four separate horizontal tubes 
to be mounted in a vertical plane. 
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The viewing window on the new test section 1s rectangular (as opposed to circular) 
to give better visual observation of the multiple tube arrangement. 


3. The pressure tap for the manometer and the therrnocouple housing for the new test 
section are located below the test tube. One problem with this configuration was 
that condensate would drip directly onto the thermocouple housing causing some 
unknown fluctuation in the temperature readout. 


4. The inlet and outlet cooling water attachments were changed on the new test sec- 
tion and a different mixing chamber was added to the outlet end. 


Initial testing with the new test section (to check repeatability with previous single 
tube tests on the old test section) showed that dropwise condensation was occurring on 
the tube surface. The cause for this was unknown since the test tube had been 
chemically treated to prevent formation of dropwise condensation. This procedure is 
discussed more fully in a later chapter. It was suspected that the system may have been 
previously contaminated with a vacuum grease used in an attempt to achieve a vacuum 
tight system. The apparatus was cleaned several times by operating with a solution of 
Sparkleen (a commercial detergent used for cleaning laboratory glassware) and water at 
temperatures of 100 degrees C for approximately one hour. After allowing the system 
to cool, the soap and water solution was drained and the apparatus filled and operated 
with distilled water to rinse and steam clean the system. The steam cleaning procedure 
was performed at least twice after operating with the soap and water. 

When tests were repeated, there were still small traces of dropwise condensation on 
the test tube. However, it was found that complete wetting of the tube could be 
achieved by rotating the tube slightly. Once good filmwise condensation was obtained 
(often after rigorous cleaning of the tubes), a review of the experimental data obtained 
with this new test section showed that there were differences when experiments were 
performed on the same tube in new test section and the old test section. The most likely 
explanations for the differences in results between the two sections were that first, on the 
inlet side of the new test section, the coolant hose fittings were attached directly to the 
tube via metal couplings thus giving rise to the possibility of conduction losses. In ad- 
dition, the improved mixing chamber on the new test section was located further down- 
stream from the outlet end of the tube (due to space limitation) and it was felt that this 
may not give a truly accurate value of the temperature at the exit. It was decided to 
place the old test section back in the apparatus. This would eliminate the possibilities 
of differences in results being due to differences in the test apparatus. The old test sec- 
tion would enable a direct comparison with other single tube, low velocity data under 


the same conditions. 
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Figure 7. Photograph of New Test Section 
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Figure 8. Photograph of New Test Section 
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Figure 9. Photograph of Old Test Section with Modified Inlet 
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Figure 10. Photograph of Old Test Section with Modified Inlet 
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After installing the old section and ensuring vacuum tightness of the system (this 
procedure will be discussed in more detail later in this chapter), experiments continued. 
Partial dropwise condensation was still occurring. The old test section did not allow for 
the test tube to be turned manually so the inlet had to be modified slightly. Photographs 
of the original setup before this modification are shown in Figures 11 and 12. This en- 
abled turning of the tube but it also introduced the same inlet end conduction losses 
which had been a concern with the new test section. However, being able to turn the 
tube and wet the entire tube surface got rid of the dropwise condensation. Experimental 
results showed good agreement with past results and it was felt that the conduction 
losses on the inlet end caused by this modification were negligible. Another small but 
significant modification at the inlet was changing the orientation of the quartz 
thermometer probe. In Figure 5 it can be seen that with the original setup, a flow 
stagnation point may occur at the tip of the quartz thermometer giving rise to inaccurate 
temperature measurements. The new setup allows for a free flow around the 


thermometer tip. 


Ek. TUBES TESTED 

Three smooth tubes and sixteen finned tubes were tested using steam as the working 
fluid (see Table 1). All tubes were manufactured from oxygen-free high conductivity 
copper. The three smooth tubes were of varying outside diameters: small (9.52 mm), 
medium (19.05 mm), and large (25.00 mm). A photograph of the three smooth tubes is 
shown in Figure 13. Each finned tube was manufactured such that the root diameter 
matched the outside diameter of one of the smooth tubes. Of the sixteen finned tubes 
tested, twelve belonged to the small tube ‘family’, two belonged to the medium tube 
‘family’ and one belonged to the large ‘family’. All of the finned tubes had rectangular 
shaped fins (height and thickness of each fin equal to 1.0 mm). Each ‘family’ was made 
up of a series of tubes with varying fin spacing. A photograph showing one finned tube 
from each family (small, medium and large) is shown in Figure 14. The small finned tube 
family was broken down into two groups: the old small finned tube group which was 
tested by Coumes [Ref. 7] and Van Petten [Ref: 4] and the new small finned tube group 
which was manufactured for this investigation. The old small finned tube group had fin 
spacings of .25, .50, 1.0, 1.5, 2.0, and 4.0 mm. The new small finned group had fin 
spacings of .25, .50, 1.0, 1.25, 1.5, and 1.75 mm. A photograph of the small tube family 
with one tube of each fin spacing is shown in Figure 15. The new small finned tube 


group was manufactured for two reasons. Firstly they would provide more detailed ex- 
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Figure 11. Photograph of Old Test Section Before Modification to Inlet 
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~.rumental data for fin spacings between 1.0 and 2.0 mm; this was particularly important 
since previous experiments had indicated an unexpected dip in the enhancement curve 
for a fin spacing of 1.5 mm. Secondly, for future inundation experiments, it would be 
preferable to have two identical tubes placed one above the other in the tube bundle to 
get more accurate condensate flow patterns. This new small finned tube family gave four 
matching small tube sets with fin spacings of .25, .5, 1.0 and 1.5 mm fin spacings. A new 
medium diameter, 1.5 mm fin spacing tube was manufactured for the same reason (with 
future inundation experiments in mind). The one difference between the new small 
finned tubes and the old small finned tubes was that the inside bore of the new tubes 
was slightly ‘rifled’ due to some difficulties experienced by the manufacturer. Instead 
of a smooth surface on the inside, they had a roughened surface which might induce 
additional turbulent mixing. This was of concern since all of the tubes were to be tested 
with and without the use of spiral inserts and it was felt that the small tube tests without 
the use of the inserts may differ for the old (smooth bore) small finned tubes and the new 
(rifled bore) small finned tubes. There was no concern about the tests to be done with 
the inserts since the effect of the nfling would not be noticed when the insert was pres- 
ent. It was found, however, that the two ‘bores’ yielded negligible difference in the heat 
transfer coefficients. 

There was one additional finned tube studied in the present investigation. The 
QMCNPS tube was manufactured to try and copy exactly tests done at the University 
of London. The diameter was the same as the small family mentioned above. The fins 
were still rectangular in shape but had a height of 1.59 mm and fin thickness of 0.5 mm. 


The fin spacing was 1.0 mm. 


F. NSERGES 

As stated above, all the tubes were tested with and without the spiral inserts. Early 
investigations had shown that without the use of inserts, the coolant side thermal re- 
sistance could be as much as SO to 60 percent of the overall (ie. vapor to coolant) ther- 
mal resistance. A small discrepancy in the coolant side thermal resistance could 
therefore translate into a substantially larger discrepancy in the outside heat-transfer 
coefficient. The use of an insert enhances the coolant side heat- transfer coefficient (ie. 
reduces the thermal resistance) thereby improving the accuracy of the outside heat- 
transfer coefficient. It also reduces circumferential wall temperature variation and ther- 
mal entrance effects by inducing quicker turbulent boundary-layer growth. Photographs 


of the inserts, designed by Georgiadis [Ref. 27 ], are shown in Figure 13. 
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Photograph of smooth tubes and spiral inserts 


Figure 13. 
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Figure 14. Photograph of tubes with 1.5 mm fin spacing 
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Figure 15. Photograph of small tube family. Fin spacings shown (mm) 
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Table 1. DIMENSIONS OF TUBES TESTED 
Tube Dr(mm) Di(min) b(mm) t(min) e(inm) 


Smooth Tubes 
S088(small) 12,70 9.53 
S00 1(med) 19.05 12.70 
SO89(large) ys. OU 12.70 


Old Small Finned 
Tube Family 

F074 

EOTS 

F076 

FO77 

F078 

FO79 


New Small Finned 
Tube Family 

FO90 

F091 

F092 

F093 

F094 

095 


Medium Finned 
FO06( old) 
F096(new) 


Large Finned 
FOS6 


QMCNPS 
F083 





The reason that the tubes were tested without the spiral inserts was to enable direct 
comparison with results from Queen Mary College (QMC) at the University of London 
where similar research is taking place. All the experimental data at QMC, using steam 
as the working fluid, were taken without the use of inserts. Although the use of an insert 
will lead to a higher heat flux, it should not affect the magnitude of the outside heat- 
transfer coefficient (the outside does not know the cause for the improved heat transfer). 
significant discrepancies have been found, however, between data taken from QMC and 
NPS when one data set used an insert (NPS) and the other didn’t (QMC). It was felt 
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that a better comparison of results would be achieved if test conditions were duplicated 


exactly. 


G. SYSTEM INTEGRITY 

When operating under vacuum conditions, leak tightness of the apparatus is of vital 
importance. Any non-condensing gases introduced because of a leaking system could 
lead to inaccurate data. In this investigation, vacuum tests were performed regularly by 
using the vacuum pump to bring the system pressure down as low as possible (approxi- 
mately 20 mmHg). The system was then secured and the vacuum pump disconnected. 
The mercury manometer was monitored overnight for any increase in system pressure. 
In the past, leak rates yielding an overnight (24 hrs) pressure increase of only 2 mmHg 
had been obtained. At the start of this investigation, typical leak rates yielded overnight 
pressure increases up to 50 to 60 mmHg. Location of leaks was accomplished in two 
ways. First the system was placed under a vacuum and filled with water. Leaks were 
then indicated by air bubbles entering the apparatus. This method located three leaks 
in solder joints at the bottom of the auxiliary condenser where the auxiliary cooling 
water lines penetrated the base plate. The second method involved pressurizing the 
system to slightly above atmospheric pressure (using argon gas) and then applying di- 
luted soap solution to all joints where leaks were suspected. Leaks were located by 
bubbling of foaming of the soap solution. This second method located a further leak in 
a solder joint on the auxiliary condensate drain line. Failure of these solder joints was 
attributed to an earthquake which recently hit the area. Repair of these solder joints 
resulted in a vacuum tight system , bringing the overnight pressure increase back down 
to less than 2 mmHg rise in a 24 hour period. 

The presence of non-condensing gases during an experiment under vacuum condi- 
tions was a good indication of a leak. By comparing the actual vapor temperature 
measured by the thermocouple above the test tube and the calculated vapor temperature 
corresponding to the system pressure indicated by the manometer, the data reduction 
program could prompt the operator to energize the vacuum pump if the difference indi- 


cated a percentage of non-condensing gases greater than 0.5 %. 
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IV. EXPERIMENTAL PROCEDURES AND DATA REDUCTION 


A. EXPERIMENTAL PROCEDURES 

The condensation of steam on copper tubes has a tendency to occur in the dropwise 
mode due to the poor wetting characteristics of water. In order to ensure that filmwise 
condensation took place, each tube had to be chemically treated prior to installation in 


the test section as follows: 


1. Clean the internal and external surfaces of the tube using a soft brush and mild 
soap (such as dishwashing detergent) and water to remove any oils or dirt which 
may have been deposited on the tube. 


2. Place the tube in a steam bath. 


3. Mix equal amounts of ethyl alcohol and sodium hydroxide. Heat the solution to 
about 80 degree C (until watery). 


4. Apply the solution to the tube with a small paint brush and retain the tube in the 
steam bath. If the tube has not been previously treated, apply a coating of the 
solution every 10 minutes for an hour. If the tube has been previously treated, 
applv a coating every 5 minutes for a period of 20 minutes. A black oxide layer 
should form. 


5. Remove the tube from the steam bath and thoroughly rinse the tube with distilled 
Water to remove any excess solution. Install the tube in the test section as soon 
as possible. After treatment, the tube surface should not be touched. Oils and dirt 
from hands will contaminate the tube which could result in partial dropwise 
condensation. 


The black oxide layer which 1s formed exhibits high wetting characteristics and its ther- 
mal resistance is negligible. 

Following cleaning and treating, the test tube was installed in the test section. Tests 
were performed with and without the spiral insert. The system was then started in ac- 
cordance with procedures outlined in Appendix B. Once the system was started and 
equilibrium conditions had been obtained, data could then be taken. As mentioned in 
the startup procedures, system pressure (measured by the mercury manometer) and sys- 
tem temperature (measured from the vapor thermocouple) were closely monitored 
throughout not only to ensure safety, but also to maintain steady operating conditions 
(equilibrium). The desired operating conditions for conducting tests with steam at vac- 
uum and atmospheric pressure are listed in Table 2. 

When equilibrium had been reached, the system was left for approximately thirty min- 


utes before any data were taken in order to monitor any changes. During this thirty 
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Table 2, OPERATING CONDITIONS 


Pressure Thermocouple Measured Measured Vapor 
Reading Temperature Pressure Velocity 
(microvolts) (deg C) (mm Hg) (m/s) 


Vacuum 1977 4§ §5 ZO 
Atmospheric 4277 100 HGS 1.0 





minute period, all thermocouple and quartz thermometers readings were checked to en- 
sure proper operation. Sample data were then taken to check for non-condensing gases. 
Adjustments to the auxiliary cooling water flow rate maintained the desires system 
pressure. Eight different cooling water flow rates through the condenser tube were used 
for each test. The flow rates were selected so as to give the widest possible range of 
cooling water temperature rise. The cooling water flow rates used (indicated as a percent 
on the flowmeter) were: 20, 26, 35, 45, 54, 62, 70, 80 and then back to 20. Two data 
points were taken at each flow rate giving a total of 18 data points for each tube. The 
last two data points taken at 20% were compared with the first two data points taken 
at the same flow rate. If they did not compare well (within approximately 5 %) the en- 
tire data set was rejected. Reasons for differences between the first and last data points 
could indicate either the occurrence of partial dropwise condensation or increased con- 
centrations of non-condensable gases. These same eight flow rates were used for both 
the medium and large diameter tubes when tested with and without an Insert (both tubes 
had the same internal diameter). For the small diameter tubes, the flow rates used were 
slightly different: 20, 26, 33, 40, 47, 54, 61, 66 and 20 percent. The reason for this 1s that 
with the insert, flow rates above 70 percent could not be attained due to choking of the 
flow. Consequently, to enable direct comparison, these flow rates were adopted for the 
small tube both with and without the insert. Multiple tests for each tube at each oper- 


ating condition were done to ensure repeatability. 


B. DATA REDUCTION PROCEDURES 
1. Development 
The overall thermal resistance to heat transfer from the vapor to the cooling 
water is the sum of the vapor side resistance, the tube wall resistance, and the coolant 
side resistance. The vapor side resistance and the coolant side resistance are convective 


in nature. These resistances can be expressed by: 
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R= (4.1) 


R,=— (4.2) 





where: 
R, = inside resistance to heat transfer 
h, = inside heat transfer coefficient 


A, 


f 


= effective inside surface area 
R, = outside resistance to heat transfer 
h, = outside heat transfer coefficient 


A, = effective outside surface area 


The effective inside surface area includes not only the inside surface area corresponding 
to the active condensing length but also the inside surface area corresponding to the in- 
sulated inlet and outlet portions of the tube. These portions act as annular fins which 
remove heat by axial conduction. The extended fin assumption and associated fin effi- 


ciencies are used to account for these inlet and outlet portions. 


A; = nDAL aa Lyn, i L517) (4.3) 


where: 
D, = inside diameter of tube 
L = length of exposed tube(active condensing length) 
L, = length of inlet portion of tube 
L, = length of outlet portion of tube 
y, = fin efficiency of inlet portion of tube 
nN, = fin efficiency of outlet portion of tube 


The actual outside surface area varies with cach different fin spacing. It is therefore 


customary with finned tubes to use an effective outside surface area. 


A,=nD,L (4.4) 


where: 


D, = root diameter 
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The tube wall resistance (assuming uniform radial conduction) is: 











| a 
R, = D 2 4.5 
tas 2k ( : ) 
where: 
R, = tube wall resistance 
k,, = thermal conductivity of copper 
The overall thermal resistance is given by: 
Rit +R (4.6) 
UA, i 72 0 2 


where U, is the overall heat transfer coefficient. Substituting Equations (4.1), (4.2) and 
(4.5) gives: 


1 1 1G 1 
- iv a 
eA h;A; ae A A 














(4.7) 


The overall thermal resistance can be determined by calculating the total heat transfer 
rate Q. The total heat transfer rate across the tube is determined by measuring the inlet 


and outlet temperatures an mass flow rate of the cooling water through the test tube. 


OQ =U,A,{LMTD) (4.8) 
Q = ric,(T, — T;) (4.9) 


where: 
QO = heat transfer rate 
m= mass flow rate of coolant 
c, = specific heat of coolant at constant pressure 
7, = coolant inlet temperature 
T, = coolant outlet temperature 


LMTD = log mean temperature difference defined in Equation (1.2) 


The inlet and outlet cooling water temperatures were measured using quartz 


thermometers. Additionally, a correction factor was applied to the outlet temperature 


of 


account for viscous heating of the cooling water (this was independently correlated 
to coolant flowrate). All cooling water properties were calculated using an average of 
the inlet and outlet coolant temperatures. The mass flow rate was determined from a 
correlation relating percent readings from the flowmeter to actual flow rates in the tube. 


From this mass flow rate, the cooling water velocity through the tube could be found. 
m= pAV (4.10) 


where: 
p = test tube cooling water density 
A, = cross sectional area of test tube w/o insert 


V = test tube average cooling water velocily 


Once the total heat transfer rate has been calculated from Equation (4.9), the overall 
thermal resistance and hence the overall heat transfer coefficient can be determined using 
Equation (4.8). This leaves only two unknowns in Equation (4.7), the inside and outside 
heat transfer coefficients. 

2. Modified Wilson Plot 

The most accurate means to determine the inside and outside heat transfer co- 
efficients is to measure directly the vapor temperature, the tube wall temperature, and 
the coolant temperature. It is not difficult to measure the vapor and coolant temper- 
atures. In order to measure the tube wall temperature directly, instrumented tubes fitted 
with wall thermocouples must be used. Using the direct temperature values from the 
instrumented tubes, the inside and wall resistances can be calculated and subtracted from 
the overall resistance (calculated as above) leaving only the outside resistance from 
which the outside heat transfer coefficient can easily be obtained. Unfortunately, the 
manufacture of these instrumented tubes is both costly, tine consuming and impractical 
with the large number of tubes used in the present investigation. 

An alternative to using instrumented tubes is to employ the “Modified Wilson 
Plot” technique. The Modified Wilson Plot is a mathematical technique which provides 
the inside and outside coefficients simultaneously. 

Use of the Modified Wilson Plot requires that the form of the inside and outside 
heat transfer coefficients be known. During this study (and past studies at NPS) the 
Sieder-Tate correlation and Nusselt analysis were used to represent the inside and out- 
side coefficients respectively. For the inside, the Sieder-Tate correlation [Ref. 28] is given 
by: 


# 
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= con Re?® Py®( a ys =CG (4.11) 
where: 

C, = Sieder — Tate leading coefficient 

k= thermal conductivity of cooling water 

Re = Reynolds Number 

Pr = Prandtl Number 

u, = dynamic viscosity of cooling water at bulk temperature 


u, = dynamic viscosity of cooling water at inner wall temperature 





. \0.14 ; 
The term ( i. ) was added by Sieder and Tate to the correlation of Colburn [Ref 
29 |] to account for strong viscosity variation between the inner wall and the bulk 


coolant. For the outside heat-transfer coefficient, the simple Nusselt analysis [Ref. 18] 


yields 
ke oteh + 
hme ee | She (4.12) 
a0 
mlaere: 


o = dimensionless Nusselt coefficient 

k,= thermal conductivity of condensate film 
Pp, = density of condensate film 

wu, = dynamic viscosity of condensate film 


h,, = specific enthalpy of vaporization 


g = heat flux based on outside area ( “e ) 


Substituting Equations (4.11) and (4.12) into Equation (4.7) and rearranging gives: 


ep 
| t-- 8 P= Zee (4.13) 





Equation (4.12) is a linear equation with two unknowns, C, anda. If we let 





= = Fi 14 
‘ Oo, Re ) aro) 
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= AQ (4.15) 
| 
and 
¢=— (4.17) 
2 
Equation (4.13) then becomes 
Y=mX+6 (4.18) 


Because {2 and F are both temperature dependent, thev have to be determined iter- 

atively. A least-squares fit of Equation (4.18) is then made to determine C; and a. 
Once the Sieder-Tate coefficient has been computed, the inside heat transfer 

coefficient is calculated using Equation (4.11). The outside heat transfer coefficient is 


then found by rearranging Equation (4.7) to get 








ieee Ao 


Previous work at NPS used instrumented smooth tubes to determine the outside heat 
transfer coefficient and non-instrumented smooth tubes with the Modified Wilson Plot 
technique to determine the outside heat transfer coefficient. The results of the two dif- 
ferent methods showed that, when used properly, the Modified Wilson Plot technique 
gave results consistent with those obtained by the instrumented tubes. A higher degree 
of accuracy can be achieved if the inside and outside resistances are comparable. To 
equalize the resistances (ie. to reduce the inside resistance) a spiral insert has been used 
whenever the inside resistance is dominant, as is the case when steam is the working 
fluid. 
3. Enhancement Ratio 


From simple Nusselt theory we know 
g= aAT;. (4.20) 


where: 
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g = the heat flux 
a = proportionality constant 


AT, = the temperature drop between the vapor and the mean outer wall temperature 


We also know that 


q = hAT;. (4.21) 


where h is the outside heat transfer coefficient. Therefore 


h=aAT; (4.22) 


The enhancement ratio for a finned tube represents the enhancement (ie. the improve- 
ment) in heat transfer due to the fins as compared to a smooth tube. Nusselt theory 
predicts a value of 0.75 for n. Therefore, n was set equal to 0.75 so that an enhancement 


ratio (based on a constant heat flux) could be determined. 
ee a (4.23) 


The subscripts f and s refer to finned and smooth respectively. If the heat flux across 
the condensate film is held constant for both finned and smooth tubes, then their values 


of F will also be the same (see Equation (4.12)). Equation (4.23) then becomes 


(4.24) 


f= 


oh 

io 
The values of a, and a, are computed from the Modified Wilson Plot. The enhancement 
ratio based on a constant vapor side temperature drop can be shown to be (from Nusselt 


theory): 


0.75 we Sis 
cA Eg — ( fae } (4.25) 


Looking at Equation (4.12), it can be seen that the effect of tube diameter ap- 
pears only in the value of F and therefore a should be independent of tube root diameter. 
Van Petten [Ref. 4] was the first investigator at NPS to investigate the effects of tube 
diameter. Based on the above theory, he calculated enhancements for three different 


diameter finned tube families using only one « he obtained for a medium smooth tube. 
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‘ oumes [Ref. 7], in order to confirm the theoretical conclusion that a was independent 
of tube diameter, tested a small diameter smooth tube and found an a which differed 
slightly from the medium smooth tube a. This investigation, in order to complete the 
picture, tested a large diameter smooth tube and again found a slightly different a. It is 
believed that the reason for the variation of « with tube diameter has to do with the fact 
that Nusselt theory assumes zero vapor velocity. Vapor velocities in the NPS investi- 
gations, which are assumed negligible but are approximately I to 2 m’s, apparently do 
affect the values of « slightly. It is therefore necessary to calculate enhancement ratios 
for finned tubes of different diameters based on their corresponding smooth tube values. 
This will be discussed further in the following chapter where specific results are pre- 


sented. 


V. RESULTS AND DISCUSSION 


A. INTRODUCTION 

Experimental data were taken on the tubes described in Chapter IJ] using the pro- 
cedures discussed in Chapter IV and Appendix B. Throughout the testing, repeatability 
of the data was a primary concern. As discussed in Chapter III, poor repeatability of 
data with previous investigations was one of the reasons that the new test section was 
replaced with the old test section. In addition, tests were repeated on each tube to en- 
sure consistency in the data-taking. The previous investigations used for comparison 
were those of Van Petten [Ref. 4] and Coumes (Ref. 7], the two most recent investigators 
on this project. 

The smooth tube results are discussed first since they are the basis for the calcu- 
lation of the enhancement ratio. The present finned tube results for the medium and 
large diameter tubes are then presented to show the good agreement with previous data. 
The small diameter finned tube family, which was the main focus of this investigation, 
is then be discussed. Within this section, the calculation of the inside and outside heat- 
transfer coefficients and the enhancement ratio are included. This shows comparisons 
of the old small finned tube family with previous data; it also shows comparisons for 
the new small finned tube family with the old small finned tube family. All the above 
results are for tests done using a spiral insert. The results obtained without the use of 
a spiral insert are then be presented and discussed. This also includes a discussion of 
significant differences found previously between the QMC and the QMCNPS data and 


give some possible causes. 


B. SMOOTH TUBE RESULTS 

Figures 16 thru 21 show the repeatability for the three smooth tubes tested at vac- 
uum and atmospheric conditions. The graphs plot the outside heat-transfer coefficient 
against the average temperature drop across the condensate film (taken as the difference 
in the vapor temperature and the average outside tube wall temperature). The solid line 


represents the equation of Nusselt given by: 


3 
h = .728| ———— (5.1) 
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“ne dashed line drawn through the data represent a least squares fit of the equation: 


—0.25 
h, = aAT (5.2) 


The good repeatability 1s demonstrated by the fact that the data from previous investi- 
gations agrees very well with the present data where applicable. It should be noted that 
When Van Petten first conducted condensation tests to determine the effect of tube root 
diameter on the enhancement ratio for finned tubes, he only tested one smooth tube (the 
medium diameter tube) to calculate the enhancement ratios for all three diameter finned 
tube families. His reasoning was based on the Nusselt analysis, where vapor velocity 
is neglected and the value of a for a smooth tube is independent of tube diameter (see 
Equation (4.12)). Coumes later found, as a result of testing a small diameter smooth 
tube in addition to a medium diameter smooth tube, that there is a dependence of « on 
tube diameter for a smooth tube. The reasoning for this 1s that although vapor velocity 
is assumed negligible in our analysis, there is a shght vapor velocity (1-2 m/s) which does 
appear to affect the value of a. The trend shows a increases as tube diameter decreases. 
This is not completely unexpected though. A correlation developed by Fujii et al. [Ref. 
30] accounts for the variation in outside heat-transfer coefficient of a smooth tube with 


vapor velocity.. It states: 


izle ale 
NuRe * =.96f/ (5.3) 
WiieEe 
ED uy 
Yrs : (5.4) 
Us kAl 


Re is the two phase Reynolds number so called because it involves condensate properties 
and vapor velocity. Manipulation of these equations does show that « is in fact inversely 
proportional to the smooth tube diameter. This dependence of « on tube diameter can 
also be seen in Figures 16 thru 21. As the tube diameter increases, the least squares line 
drawn through the data approaches the Nusselt line or as the tube diameter increases, 
the value of « approaches 0.728 (the value of « for the Nusselt analysis). 

Because the present investigation included the calculation of the enhancement of 
large diameter finned tubes (in addition to small and medium diameter finned tubes), a 


- large diameter smooth tube also had to be manufactured and tested. All three diameter 
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smooth tubes were tested during the present investigation and the values of « obtained 
for tests at vacuum and atmospheric conditions are listed in Table 3. Table 3 shows 
that, for a given tube diameter, a increases as the Operating pressure increases; it also 
shows that, for a given operating pressure, a decreases with increasing tube diameter. 
Figures 22 and 23 show the dependence of the outside heat-transfer coefficient on 


the tube diameter. This can also be predicted by the Nusselt analysis (Equation (5.1)). 


Table 3. SUMMARY OF SMOOTH TUBE ALPHAS (WITH INSERT) 


Diameter Vacuum Atmospheric 


Small 0.953 1.008 
Medium 0.792 0.889 
Large 0.779 0.895 





C. MEDIUM AND LARGE DIAMETER FINNED TUBES 

Figures 24 and 25 show the repeatability of data taken for the medium diameter 
tubes at vacuum and atmospheric conditions. The only medium diameter tube fin 
spacing tested in the present investigation was 1.5 mm. The 1.5 mm fin spacing medium 
diameter tube tested during previous investigations was tube number F006. Tube num- 
ber F096 is a newly manufactured tube which is exactly the same as tube FO06. It was 
manufactured in order to support future condensate inundation experiments. Conse- 
quently, it should yield the same results as tube FOQ06; and as can be seen from the 
graphs, the agreement is very close (to within 10 %). The repeatability for all tests done 
in this investigation was always slightly better under vacuum test conditions probably 
due to the low saturation temperature. 

Figures 26 and 27 show the repeatability for the large diameter finned tube with fin 
spacing 1.5 mm (Tube F083). Van Petten was the only previous investigator to test the 
large diameter finned tubes. The repeatability is again better at vacuum conditions but 
for both pressure conditions is within 10%. The uncertainty bands in Figures 24 and 
25 show that the uncertainty of the data decreases as the average temperature drop 
across the film increases. What is actually happening is that at low values of AT, the 
uncertainty is high. As we increase the temperature drop across the film (by decreasing 
the coolant temperature rise) the uncertainty gets smaller. But at very high values of 
AT; (very low coolant temperature rises), the uncertainty starts to increase again. The 


uncertainty analysis is described in Appendix C. Because of this, we would expect the 
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Figure 16. Repeatability of Steam Heat Transfer Coefficients for the Small Smooth 
Tube (S088) at Vacuum Conditions 
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Figure 17. Repeatability of Steam Heat Transfer Coefficients for the Small Smooth 
Tube (S088) at Atmospheric Conditions 
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Figure 18. Repeatability of Steam Heat Transfer Coefficients for the Medium 
Smooth Tube (S001) at Vacuum Conditions 
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Figure 19. Repeatability of Steam Heat Transfer Coefficients for the Medium 
Smooth Tube (S001) at Atmospheric Conditions 
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Figure 20. Repeatability of Steam Heat Transfer Coefficients for the Large Sinooth 
Tube (S089) at Vacuum Conditions 
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Figure 21. Repeatability of Steam Heat Transfer Coefficients for the Large Smooth 
Tube (S089) at Atmospheric Conditions 


S| 


oN 
2 
at 
< 
= 
2 
m 
=> 
. om | 
0) 
me 
a. 
* 


+ PSOO1SiV3 (MEDIUM) 
O psosgssiv3 «LARGE? 


(Toa-Two? /K 





60 


O O O O O 
aS 7) at a 


=O. 


CH ssa 7°U 


Figure 22. Dependence of Steam Heat Transfer Coefficients on Tube Diameter at 


Vacuum Conditions (Smooth Tubes) 
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Figure 23. 
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Dependence of Steam Heat Transfer Coefficients on Tube Diameter at 


Atmospheric Conditions (Smooth Tubes) 
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Figure 24. 
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Repeatability of Tubes F006 and F096 at Vacuum Conditions 
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Figure 25. 
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Repeatability of Tubes F006 and F096 at Atmospheric Conditions 
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oiggest discrepancies in the data at the lowest and highest coolant water flow rates. This 
appears to be the case in Figures 26 and 27. 

Figures 28 and 29 are plots of the enhancement ratio (the ratio of the finned tube 
a to the smooth tube a, see Equation (4.25)) versus fin spacing for the medium and large 
diameter tubes at vacuum and atmospheric conditions respectively. The curve drawn for 
the medium tube is an average of the curves obtained by Couines and Van Petten. These 
enhancement curves drawn for Coumes and Van Petten’s data were obtained by recal- 
culating the enhancement ratios for each fin spacing using the values of « obtained for 
the medium and large smooth tubes in this investigation instead of those obtained in the 
previous investigations. This gave a more direct comparison of the data. The points 
plotted show the results of data taken during this investigation for the 1.5 mm fin spac- 
ing medium and large diameter finned tubes. As can be seen, there is good agreement 
between the current and previous results. Some important points to notice from Figures 


Zs and) 8 are: 


There appears to be an optimum fin spacing of }.8 mm for the medium and large di- 
ameter tubes at both vacuum and atmospheric conditions. 


The enhancement ratio for a given tube diameter increases as the vapor pressure 1n- 
creases. The reason for this ts that as the vapor pressure increases, the vapor tem- 
perature increases and in turn the surface tension decreases resulting 1n less interfin 
flooding and more exposed tube surface area. In addition, the condensate viscosity 
also decreases, thus allowing the condensate to run off through the fins more readily. 


The enhancement ratio at a given fin spacing increases as tube root diameter increases. 
This is because as root diameter increases, the condensate retention angle decreases 
(see Equation (2.5)), resulting in a thinner condensate film over the unflooded portion 
of the tube and more exposed surface area. area. 


The dip which occurs near a fin spacing of 0.5 mm 1s a result of the tube being “fully 
flooded”. As the fin spacing decreases, more interfin flooding occurs until the tube is 
fully flooded. Equation (2.5) predicts a condensate retention angle of 180 degrees for 
the 0.5 mm fin spacing tube for steam condensation under both vacuum and atmo- 
spheric conditions. This is the reason for the gradual decrease in enhancement be- 
tween 1.5 mm and 0.5 mm. The reason that the enhancement ratio starts to increase 
again as fin spacing 1s further decreased 1s that the low conductivity liquid between the 
fins 1s gradually replaced by high conductivity metal. It should be noted that even 
though these large enhancements at very small fin spacings seem to be acceptable, the 
percentage increase in surface area that must be added far exceeds the percentage in- 
crease in heat-transfer enhancement. 


D. SMALL FINNED TUBES 
The small finned tube results are now discussed more fully since they were the main 
focus of this investigation. It was necessary to determine what was happening in the 


critical region between a fin spacing of 1.0 mm and 2.0 mm. Specifically, why did the 


56 






%*% FO83S1i1ViPG (GUTTENDORF) 
O FOS83SiV2PG <(GUTTENDORF) 


60 


Figure 26. 
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data of Van Petten and Coumes show a dip at a fin spacing of 1.5 mm instead of a peak 
as would be expected based on the data from the medium and large diameter tubes. 
I. Inside Heat-Transfer Coefficient 

Table 4 lists the Sieder-Tate leading coefficients (Ci) calculated by the Modified 
Wilson Plot technique (see Chapter IV section B.2) for all the tubes tested. The Modi- 
fied Wilson Plot technique computes the Sieder-Tate leading coefficient by using a linear 
least squares fit to the data and taking the reciprocal of the slope. Ifthe plot of the data 
did not resemble a straight line, the data was discarded. Figures 30 thru 33 show the 
Modified Wilson Plot for various tubes (small, medium and large diameters). The X and 
Y axes are defined in Equations (4.14) and (4.15) respectively. The intercept on the Y 
axis 1s 1/a% as given by Equation (4.17). The value of Ci for tubes with the same internal 
diameter should be equal. However, looking at Table 4, the Modified Wilson Plot gives 
slightly different values for different tubes with the same internal diameter. This may 
be due to the fact that, although the internal diameter 1s the same for different tubes, the 
outside boundary conditions varies with both fin spacing and tube root diameter. For 
the small diameter tubes, the amount of flooding (ie. the condensate retenticn angle) 1s 
different for various fin spacings. For the medium and large diameter tubes (which have 
the same internal diameter) the difference may be due to the variation in the condensate 
retention angle based on the tube root diameter. The variation in C1’s 1s within the ex- 
pected uncertainty from the Modified Wilson Plot technique. An average value of Ci for 
the small tubes at both vacuum and atmospheric conditions was determined and these 
average Ci’s were used to determine the outside heat-transfer coefficients for all the small 
tubes. For the large and medium diameter tubes, the value of Ci used was the value 
found using the Modified Wilson Plot. The small number of medium and large tubes 
tested did not permit a representative average to be taken. The average Ci's are listed 
in Table 5. Notice that the values of Ci generally increase slightly with increasing tube 


diameter and decrease slightly with increasing vapor pressure. 
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Showing Present Investigation Results 
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Figure 29. Enhancements for Medium and Large Diameter Tubes (Atmospheric) 


Showing Present Investigation Results 
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Figure 31. Modified Wilson Plot for Tubes F006 and F083 at Vacuum Conditions 
(insert) 
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Figure 32. Modified Wilson Plot for Tubes F077 and F094 at Vacuum Conditions 
(insert) 
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Figure 33. 


Modified Wilson Plot for Tube F006 at Vacuum Conditions (no insert) 
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Table 4. 


Tube 


Small Tubes 


SOS8 
F074 


FQ75 
F076 
FQ77 
FO78 
EOng 
F090 
FO9] 
O92 
O93 
F094 
FQ95 
FQ86 


(QMCNPS) 


Medium Tubes 


S00 1 
F006 
F096 


Large Tubes 


SOQ89 


FQ83 


File Name 


SO88S1V3 
FO74S1V1 
FO74S1 V2 
FO75S1V1 
FO7SS1V2 
FO76S1V1 
POTGSTY 2 


OT ISEN A 


POV iol 2 
FOISSIN I 
FO7SSPy 2 


FO79SiN 1 
FOo0sIN | 
POVUSTN2 
BOOS i 
FOoISiy 
POgeSiv 
POE SI 2 
FOSSaLY | 
Fossey 2 
FO94S1V1 
FO9ISTV2 
FOS tT yA 
POoSsS 12 
FOSOS1V1 


SOOISTV3 
SO01S1TV4 
FOOoS1V 1 
FOOOS1TV2 
FO96SIV1 
FO96S1V2 


SO89ISTV 2 
SO89S1V3 


FOS83S1V1 
ROS 3S 2 


Vacuum 


050 
AS1S) 
50) | 
O54 
LORS, 
O54 
O51 
049 
049 
049 
049 


052 
OS] 
O51 
a6 
054 
049 
O'S 
2055 
a0 
O50 
048 
O48 
049 
049 


067 
069 
068 
069 
063 
063 


065 
065 


O71 
074 
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SIEDER-TATE COEFFICIENTS (WITH INSERT) 


File Name 


SOSSSIAS5 
FPOR4AS TAT 
FO74S1A2 
FO7SSIA1 
FO7TSSIA2 
FO76SIA1 
FO/6S1A2 
FOTISITAT 
FO77S1A2 
FO78SIAI 
FOVSSe 2 
FO78SIA3 
FO79SIAI 
FO9OSIA] 


Frog STA 
FO92S1A1 
FO93S1A1 
FO94S1A1 
ROIS SEA I 
FO86SI1AI1 
FO86S1A2 
SOO1S TAs 
FOO6SIAI 
FOO6GS1A2 


FO96SIAI 
FO96S1A2 


SO89S1A3 
SO89S1A4 
SOS9S TAS 
POS3 sie! 
FO83S1A2 


Atmospheric 


O51 
se 
052 
049 
049 
047 
O49 
045 
045 
048 
047 
047 
047 
047 


046 
045 
048 
048 
048 
047 
O48 
068 
066 
065 


058 
032 


065 
061 
067 
068 
067 


Table 5. AVERAGE SIEDER-TATE COEFFICIENTS (WITH INSERT) 


Diameter Vacuum Atmospheric 


Small O51 O48 
Medium 067 063 
Large 069 066 





2. Outside Heat-Transfer Coefficient 

The outside heat-transfer coefficient was calculated using Equation (4.18). 
Figures 34 thru 46 show the repeatability of the outside heat-transfer coefficient for the 
small diameter tubes. As stated previously, a new small family of tubes was manufac- 
tured. Four of the tubes in this new small family (F090, F091, FO92 and F094) exactly 
matched four tubes from the old small family (F074, F075, F076 and F077). Tubes F077 
and F094 were the 1.5 mm fin spacing tubes and, consequently, of the most interest due 
to the discrepancies discussed earlier. As can be seen in Figures 38 and 43, data taken 
for tube FO77 compares well with that taken in the past. Data taken for tube F094, 
however, shows considerable difference; it shows a higher outside heat-transfer coefh- 
cient than the old tube, F077. This difference led to doubts about the old small 1.5 mm 
fin spacing results. Also, tubes F093 (1.25 mm fin spacing) and F095 (1.75 mn) fin 
spacing) show outside heat-transfer coefficients which compare better with tube F094 
(new) than F077 (old), casting more doubt on tube F077 results. All of the results 
shown in the figures for Van Petten and Coumes are calculated using their values of Ci. 

3. Enhancement Ratios 

Figures 45 and 46 show the enhancement ratios for all the small finned tubes, 
old and new, at vacuum and atmospheric conditions respectively. Figure 45 shows that, 
at vacuum conditions, the enhancement ratios for all three investigators agree very well 
except for a fin spacing of 1.5 mm. Here, an increase in enhancement for the new small 
tube with a fin spacing of 1.5 mm is indicated. The similar enhancement ratios seen for 
the 1.25 and 1.75 mm fin spacing tubes tend to reinforce this. In Figure 46 , at atmo- 
spheric conditions, the results for all three investigators are not in as good agreement 
as for vacuum conditions. However, the new small tubes with fin spacings of 1.25, 1.5 
and 1.75 mm again suggest a small peak in enhancement as opposed to a small dip as 
indicated by the old small tube family. The reason for this difference is not known. The 


old small tube with a fin spacing of 1.5 mm needs to be looked at in more detail (a mi- 
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Repeatability of Tubes F074 and F090 (Vacuum) 
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Figure 35. 
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Repeatability of Tubes F075 and F091 (Vacuum) 


69 


so 


aS 


20 


pHs] 


10 


gus 
110) 
= 
© 
Lb 
e 
G 
ee 
as 
& 
= 
ror) 
LL, 
* 


+ FOS92Si1ViPG (CGUTTENDORF> O92) 


O 4ASVPG <CCOUMES) (F076) 
A PSSG <VAN PETTEN) (076) 


(To-Two?/K 





O O O O O 
t m Mu 4 


650 
20 


CMe 47M4> 7° UY 


Figure 36. Repeatability of Tubes F076 and F092 (Vacuum) 


70 








235 


20 


% FOS3SiViPG (CGUTTENDORF) 


4 FOS3S1V2PG (GUTTENDORF) 


il 


Chest we 


10 


60 
0 


QO O QO QO QO 
In ~ M \ a 


CHa My 7° U 


Figure 37. Repeatability of Tube F093 (Vacuum) 
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Figure 39. Repeatability of Tube F095 (Vacuum) 
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Figure 40. Repeatability of Tube F078 (Vacuum) 
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Figure 41. Repeatability of Tubes F075 and F091 (Atmospheric) 
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croscopic investigation may give a reason for the differences). Again, all the enhance- 
ment ratios were based on the smooth tube values of a found from the current 
investigation. The enhancement ratios for all tubes at vacuum and atmospheric condi- 
tions based on an average Ci are listed in Tables 6 and 7. Based on the new small finned 
tube family results for fin spacings of 1.25, 1.5 and 1.75 mm, new enhancement ratio 
curves for the small tube family were obtained for vacuum and atmospheric conditions. 
Figures 47 and 48 show these new enhancement ratio curves along with the previously 


obtained enhancement ratio curves for the medium and large diameter tubes. 


fee 


Table 6. SUMMARY OF ENHANCEMENTS AT VACUUM CONDITIONS 
(WITH INSERT) 


Tube Fin Retention Area Heat Transfer 
Spacing Angle Enhancement Enhancement 
(mm) (degrees) 


Small Tubes 


F074 0.25 180 PASS. 1.74 
Pee 
EQYS 0.50 180 2.54 Lol 
Fe) 
F076 1.00 156 Pas LA 
1.66 
no Fle 106 os lL. 
FO78 2.00 88 1.77 Ls 
1.74 
FOdg 4.00 eh) 1.46 1.88 
F090 025 180 1.85 1.88 
1.87 
| 0.50 180 2.54 1.49 
1.50 
neo 1.00 156 Zaks 1.82 
S82 
OR) [25 re) HAS) 1.81 
1.78 
F094 oo 106 193 Zul 
2.14 
FO95 Ls 94 1.84 216 
2. 
FOS6 1.00 139 228 1.88 


Medium Tubes 


F006 8) 84 1.88 Zon 
2aou 
F096 eel, 84 1.88 Lee 
Zl 


Large Tubes 
F083 1.50 i 1.86 S005 


80 


Table 7. SUMMARY OF ENHANCEMENTS AT ATMOSPHERIC CONDI- 
TIONS (WITH INSERT) 


Fin Retention Area Heat Transfer 
Spacing Angle Enhancement Enhancement 
(mm) (degrees) 


Small Tubes 
F074 
i075 
F076 
O77 
FO78 


O79 
F090 
re? | 
092 
F093 
F094 
O95 
FOS6 


\O 
BE i 


NNNNNNNN! 
Wo SOS CN te a 
O'S os =) ow 


Medium Tubes 
F006 
F096 


Large Tubes 


F083 





FE. EFFECTS OF SPIRAL INSERT 
Another objective of this investigation was to determine reasons for the differences 
between data taken at QMC in London and data taken at NPS for a similar tube under 


similar operating conditions. The only difference in testing procedure was that the tests 
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Figure 48. Enhancements for Small, Medium and Large Tubes (Atmospheric) 
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in London were done without an insert and the tests at NPS were done with an insert. 
It was decided that repeating the tests at NPS without the use of an insert would deter- 
mine if the insert was the reason for the difference. 

The use of an insert should not affect the outside heat-transfer coefficient. The in- 
sert was used at NPS because it was felt that 1t provided certain advantages in taking 
more accurate data. The insert increases the heat-transfer rate across the tube by pro- 
moting turbulence and better coolant mixing on the inside. This better mixing leads to 
an increase in the coolant temperature rise between the tube inlet and outlet. Although 
the outside of the tube may ‘feel’ an increase in the heat-transfer rate, it does not know 
the reason for it. It could equally be due to a higher coolant velocity. Since the coolant 
temperature rise 1s the key measurement made, a larger absolute value leads to less rel- 
ative error in the calculated value of heat flux. One of the disadvantages of using an 
insert in reality would be the increased pressure drop, but in the present investigation, 
this was not of prime concern. 

Figures 49 thru 54 show the results for the smooth tube tests done with and without 
and insert. Again the graphs plot the outside heat-transfer against the average temper- 
ature drop across the condensate film. As seen in the graphs, all of the data falls on the 
same line indicating what was expected, that there is no dependence on the use of an 
insert. [he only effect 1s to meredsetieramee aia) 

Figure 55 shows the enhancement ratios for the QMC and QMCNPS tubes at at- 
mospheric conditions (QMC data are taken from Masuda [Ref. 31]). It can be seen that 
the results for the QMCNPS tube done with an insert are significantly higher than the 
corresponding QMC results. One may expect the opposite since the QMC tube has 
slightly longer fins and hence a larger outside surface area. However. when the 
QMCNPS tube was retested without the insert, the results agreed very well with the 
QMC results (QMC obtained a value of .907 for their smooth tube « as compared to a 
value of 1.04 found at NPS). The difference between the insert and no insert data for 
the QMCNPS tube led to retesting of all the finned tubes without an insert. In all cases, 
the results obtained when using no insert were significantly lower than those obtained 
when an insert was used. Furthermore, the difference was always greater at atmospheric 
conditions than at vacuum conditions. Figure 56 shows the results at atmospheric con- 
ditions for the new small family of finned tubes tested both with and without the insert 
as well as the QMC and QMCNPS (both with and without the insert) results (QMC only 
tested their tubes at atmospheric conditions). It is encouraging to see that QMC also 


found an optimal fin spacing of 1.5 mm for the small diameter tube. The QMC and 
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QMCNPS tubes had the same root diameter as the small family of tubes, however, they 
had taller thinner fins (see Table 1) resulting in a larger outer surface area. This should 
result in a higher heat transfer enhancement for both the QMC and QMCNPS tubes 
over that found for the small finned tubes at the same fin spacings. It can be seen in 
Figure 56 that the small tube enhancements obtained with an insert are higher than the 
QMC/QMCNPS enhancements (ie. opposite of what was expected). However, the small 
tube enhancements obtained without an insert fall below the QMC/QMCNPS enhance- 
ments as expected. The smooth tube values of « obtained without an insert are listed 
in Table 8. Tables 9 through 12 list the Sieder-Tate leading coefficients and the en- 
hancement ratios for all finned tubes tested without an insert. Although absolute values 


between insert and no insert results differ, the trends in the tables are the same. 


Table 8. SUMMARY OF SMOOTH TUBE ALPHAS (NO INSERT) 


Diameter Vacuum Atmospheric 


Small 
Medium 
Large 
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Table 9. 


Tube 


Small Tubes 


S088 
F074 


lO is 
F076 
£077 
F078 


BO: 
F090 
FO9 1 
F092 
08 
F094 
F095 
F086 


(QMCNPS) 


Medium Tubes 


S00] 


F006 
F096 


Large Tubes 


S089 


F083 


File Name 


SOS88SOV3 
FO74S0V1 


FO7SSOV1 
FO76SO0V 1 
EO SUN 
FO78SO0V1 


FO79SO0V1 
FO90SOV 1 
FO9TSOVI 
POS2s0v1 
E0255 0% 1 
FO94SOVI 
FO2a SUN 
FO86SOV 1 


SOO1SOV2 
SOOTSOVS 
FOO6SOV | 
FO96SOV1 


SOS9SOV2 
SO89SOV 3 
SOS9SOV4 
FO83S0V1 
FO83S0V2 
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SIEDER-TATE COEFFICIENTS (NO INSERT) 


File Name 


SO8SSOA2 
FO74S0A 1 
FO74S0A2 
FO7SSOA1 
FO76SOA1 
F077S0A1 
FO78SOA 1 
FO7SSOA2 
FO79SOA 1 
FO90OSOA 1 
FO9ISOAI 
FO92SO0A 1 
FO93SO0A1 
FO94SOA I 
FO9SSOAL 
FOSO6SOA1 


S001SOA2 


FOO6GSOAI 
FO96SOA1 


SO089S0A3 


FO83S0A1 


Atmospheric 





Table 10. AVERAGE SIEDER-TATE COEFFICIENTS (NO INSERT) 


Diameter Vacuum Atmospheric 


Small Oe 030 
Medium 034 i043 
Large 036 04] 





Table 11. SUMMARY OF ENHANCEMENTS AT VACUUM CONDITIONS 
(WITHOUT INSERT) 


Fin Retention Area Heat Transfer 
Spacing Angle Enhancement Enhancement 
(min) (degrees) 


Small Tubes 


F074 
[ao 7) 
ig 6 
Tew? 7 
F078 
org 
F090 
Ho? | 
no. 
P0935 
F094 
FO95 
F086 


Medium Tubes 


F006 
F096 


Large Tubes 


F083 
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Table 12. SUMMARY OF ENHANCEMENTS AT ATMOSPHERIC CONDI- 
TIONS (WITHOUT INSERT) 


Fin Retention Area Heat Transfer 
Spacing Angle Enhancement Enhancement 
(anm) (degrees) 

Small Tubes 


F074 


to 
io 0) 
oa 


F075 
F076 
FO77 
FQ7S 


—met tI KR 


JO — rn 
~JWtn BD 


FO79 
FO90 
FO9 1 
Tawo2 
eis 
F094 
JPQISES 
TOS6 


NNNN EONS ENN NNN 
DBWWNOAGCWOO OC —NnO — © 
COwonroaoebh mo Nnaownw Boo WN trv 


L 
I. 
Px 
Be 
o2 
IE 
I. 
uh 


46 
$5 
54 
15 
O3 
93 
84 
28 


Medium Tubes 


F006 
F096 


Large Tubes 
FOS3 





This difference between the finned tube results obtained with and without the use 
of an insert has caused concern over the processing technique currently used. The cur- 
rent processing technique uses the Sieder-Tate correlation for the inside heat-transfer 
coefficient (Equation (4.11)) varying the leading coefficient (Ci) to compensate for the 
use of the insert. However, this correlation, in its present form, is not strictly valid when 
an insert is used. But this leads to the question: Why are only the finned tube results 
affected and not the smooth tube results? The difference may be due to differences in 
the outer tube flooding conditions between the smooth and finned tubes. If it turns out 
that the inside heat-transfer coefficient is dependent on the outside flooding conditions, 


then there would be a different correlation for each different finned tube. This has re- 
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Figure 49. 
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Insert and No Insert Results for Small Smooth Tube (Vacuum) 
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O psooisOV3 (NO INSERT) 
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Figure 50. 
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Insert and No Insert Results for Medium Smooth Tube (Vacuum) 
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Figure SI. 
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Insert and No Insert Results for Large Smooth Tube (Vacuum) 
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Figure 52. 
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Insert and No Insert Results for Small Smooth Tube (Atmospheric) 
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Figure 53. ‘Insert and No Insert Results for Medium Simooth Tube (Atmospheric) 
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Figure 54. 
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Insert and No Insert Results for Large Smooth Tube (Atmospheric) 
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Figure 55. | Enhancements for QMC and QMCNPS Showing Influence of Insert at 


Atmospheric Conditions 
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Atmospheric Conditions 
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sulted in the need to develop a more accurate and applicable correlation for the inside 
heat-transfer coefficient. The inside tube conditions may need to be investigated to the 
same degree as the outside tube conditions. An alternative 1s the use of instrumented 
tubes, thus doing away with the need for the inside correlation by being to able to 


measure the outer wall temperature directly. 


Ly, 


A. 


Ibe 


VI. CONCLUSIONS AND RECOMMENDATIONS 


CONCLUSIONS 


Good repeatability with previous data for large and medium finned tubes at both 
vacuum and atmospheric conditions was obtained. 


Discrepancies between the old small finned tube family and the new small finned 
tube family at fin spacings between 1.0 and 2.0 mm suggest that the old small 
finned tube with a fin spacing of 1.5 mm gave inaccurate results. Present results 
Suggest a peak instead of a dip in the enhancement curve at this fin spacing. 


. These suggest an an optimum fin spacing for filmwise condensation of steam on 


integral finned tubes of 1.5 mm which seems to be independent of tube root diam- 
eter and vapor pressure. 


. The values of o for the smooth tube for cases with and without an insert differed 


by approximately 4-5%. However, this difference caused no effect when comparing 
insert,no insert smooth tube results. 


For finned tubes, the use of an insert had a significant effect. Enhancement ratios 
were consistently lower when no insert was used leading to better agreement be- 
tween the QMC data and the QMCNPS data. 


The use of the Sieder-Tate correlation in its present form may not be accurate in 
representing the inside heat-transfer coefficient for finned tubes when an insert 1s 
used. There is a need to develop a better inside correlation. 


RECOMMENDATIONS 


Develop a more accurate correlation for the inside heat-transfer coefficient. One 
possibility is to introduce an extra constant into the Sieder-Tate correlation such 
as: 


k 
y= Cee es é 


Manufacture instrumented finned tubes to eliminate the need for a correlation for 
the inside heat-transfer coefficient. 


Conduct condensation tests on finned tubes of different materials (ie. titanium, 
which is of interest to the U.S. Navy because of its light weight and high resistance 
to corrosion). 


. Conduct condensation tests using different fluids to study, in more detail, the ef- 


fects of surface tension. 


Replace the mercury-in-glass manometer with a direct reading pressure gage as this 
was found to be one of the main sources of error. 
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APPENDIX A. QUARTZ THERMOMETER CALIBRATION DATA 


The HP 2804A Quartz Crystal Thermometer (Serial number: 2244A01192) was cal- 
ibrated on March 28, 1990. The calibration was performed at low resolution on two 
temperature measuring probes, Tl (Serial number: 2120A-00707 with dial setting 481) 
and T2 (Serial number: 2120A-60459 with dial setting 510). 


Table 13. CALIBRATION DATA 
Calibration Calibration T1 Error 2 Error 
‘Omega’ Temperature (deg C) (deg C) (deg C) (deg C) 
(deg C) 


00.00 00.00 00.00 00.01 asi 
MASS, 20.26 20.24 -0.02 20.25 -0.0] 
29.420 38.03 Sui) -0.04 38.04 + 0.01 





e The Ice Point uncertainty was +/- 0.01 deg C 
e The Bath uncertainty was +/- 0.02 deg C 


e The test point temperature was measured using a platinum resistance thermometer. 
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APPENDIX B. SYSTEM STARTUP AND SHUTDOWN PROCEDURES 


When preparing the system at the beginning ofa data run, the system is started in 


the following manner: 


l. 


6. 


Ensure distilled water level in the boiler 1s 4 to 6 inches above the heating elements. 
To fill the boiler, attach hose from the distilled water container to the bottom of 
the boiler and gravity feed the boiler. Ensure the vent valve on the side of the 
auxiliary condenser is open when filling or draining the boiler. 


Check the oil Ievel in the purge pump and check to insure system vent valve is shut. 


Turn on the data acquisition system, computer and printer. Load software pro- 
gram DRP12B or current program. 


Open the fill valve for the tube coolant water sump (valve is located to the left of 
the boiler control pancl). 


Turn on the cooling water supply pumps and adjust the tube flow rate from 20% 
to 60% and check for leaks. Reset flow rate to 20%. 


Open valves from tap water svstem to auxillary condenser and adjust coolant flow 
rate through auxiliary condenser to at least 30% and check for leaks. 


Energize heaters and adjust voltage to approximately 50 volts for warmup. To en- 
ergize heaters there are three switches which must be turned on. The first is located 
in power panel pS located in the main hallway outside the lab and is labeled switch 
3 or heater controller room 106. The second 1s the heater load bank circuit breaker 
located on the side of the boiler contro] panel. The third is the condensing rig boiler 
power switch on the front of the boiler control panel. 


If conducting a vacuum run, energize the vacuum purge pump then open the sys- 
tem vent valve (a single turn). 


Start running software program DRP12B by pressing “run” key on the Kevboard. 
The program is verv user friendly. To take data for a tube the questions should be 
answered as follows: 


Select fluid... Enter fluid in use 

Select option...Enter 0 to take data 

Enter Month, date and time...press “enter” 

Enter input modce...enter 0 for 3054A (this is for new data) 

Select Ci...enter 0 to find a Ci, enter 2 to use Ci value stored in the program. 
Give name for raw data file...enter name 

Enter geometry code...enter finned or plain 

Enter 0 if no insert...just press “enter” if there is an insert 

Select tube type...enter 0 for thick walled tubes 

Select tube material...enter 0 for copper 

Select tube diameter 

Enter pressure condition...enter 0 for vacuum, | for atmospheric 

Would you like to create a file for NR vs F (this is for vapor velocity 
teSts).-cuiler 0 for no 
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¢ Give name for plot file...easiest to just use raw data file name preceded by a p 
Select output...For new data it is best to enter 1 for long 

¢ Would you like to check ng concentration...you must answer yes to this for the 
first data point. 
Enter flowmeter reading...enter 2 digit number (ie. 20 or 54 etc.) 

e Enter manometer readings...enter in mmIlg (ie. 415) left column is a positive 
value, right column is a negative value. 

e Continue for all data points at various flowmeter readings. 


10. Only answer the program questions up to “Enter flowmeter readings”. Monitor 
system temperature using the thermocouple voltage reading until the system has 
been warmed up. 


11. Monitor system temperature and system pressure carefully to prevent a system 
overpressure during warmup (especially at atmospheric conditions). 


12. If conducting a vacuum run, wait until the system pressure reaches approximately 
120 mmfHlg (lefthand column) then gradually increase voltage in 10 volt increments 
to 90 volts. Obtain desired operating condition by manually controlling flow 
through the auxiliary condenser. 


13. If conducting atmospheric run, open svstem vent valve and purge system drain 
valve. Allow the system to warm up for least 30 minutes at 50 volts then begin 
increasing voltage in 10 volt increments until approximately 100 volts is reached. 
Watch for system pressure to drop (this occurs when vapor travels down over 
auxiliary condenser and begins condensing), then close system vent valve and purge 
system drain valve. Energize vacuum pump and open svstem vent valve 1/4 of a 
turn. Continue to increase voltage in 10-20 volt increments to 175 volts while 
throttling flow through the auxiliary condenser to obtain desired operating condi- 
tions. 


14, Allow vacuum pump to operate continuously. 


15. Monitor condensation process using the glass viewing window. Use a heated air 
blower (hair dryer) to keep the window free of fog and moisture. 


16. If tube is not wetted, manually turn the tube until it is wetted by turning the fitting 
on the cooling water inlet to the tube. 


17. When taking readings, be sure to check flowmeter sctting before entering it into 
the computer (it has a tendency to fluctuate slightly). 


18. If conducting vacuum and atmospheric runs on the same day, always conduct the 
vacuum run first. If atmospheric run is done first, it takes too long for the system 
to cool to vacuum run operating temperatures. 


The system is secured in the following manner: 
]. Secure power to the boiler heating elements. 
2. Isolate and secure the purge system. 


3. Open vent valve on the side of the auxiliary condenser to allow the system to come 
to atmospheric pressure. Do not use the valve to the purge system to raise system 
pressure because there is a possibility of o11 and contaminants from the purge sys- 
tem lines getting into the system. 
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. After the system 1s at atmospheric pressure, open purge system drain valve. 


Continue circulating cooling water through the auxiliary condenser and test tube 
at reduced flow rates to assist in cooling down the system. 


Turn off computer, data acquisition system, and printer. 


It is necessary to periodically change the distilled water in the boiler. However it 
is important that the boiler is never drained unless completely cool. 
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APPENDIX C. UNCERTAINTY ANALYSIS 


There will always be uncertainties associated with any experimentally determined 
results. These uncertainties are the result of many factors including the accuracy of the 
measuring device, the calibration of the device and the operator’s experience. Although 
the uncertainty for a single measurement may be small, an equation or data reduction 
scheme which combines numerous measurements with small uncertainties may generate 
results with much greater uncertainties. In cases where the final results show large un- 
certainties, it may be necessary to disregard the experimental results which generated the 
large uncertainty. The uncertainties of the measured quantities in this investigation were 


determined using the following expression suggested by Kline and McClintok [Ref. 32]: 
1 


Vice ( se "J fe ( $8 7) of oe os op ($8 ) 
l re n 


WV, = the uncertainty of the desired dependent variable 


where 


XX, «0. X, = the measured independent variables 


W’,, V2, .., WW, = the uncertainties in the measured variables 


A complete discussion on the uncertainty analysis used for this experiment 1s given 
by Georgiadis [Ref. 27]. A program, designed by Mitrou [Ref. 33] was used to calculate 
the uncertainties for this experiment. Sample outputs of the uncertainty evaluations 


follow. 
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DATA FOR THE UNCER DADS GN mo ls 


File Name: $@8851A5 
Pressure Condition: Atmospheric (1@1 |.Pa) 
Vapor Temperature = 100.02 (Deg C2 
Water Flow Rate (2%) = 720.00 
Water Velocity ad ral (m/s) 
Heat Flu.» = S.69@E+O0S (W/ieee 
Tube-metal thermal conduc. = 385.0 CW / mile 
Sieder-Tate constant = 0.8510 
UNCERTAINTY ANALY sits. 

VARIABLE PERCENT UNCER TaN 
Mass Flow Rate, Md ees) S 
Reynolds Number, Re Srl | 
Heat Flux, q 5208 


Loo-Meanetem Offi = Lie 1S 


Wall Resistance, Rw 2a55 
Overall Hal.c.. U6 Sale 
Water=on Ge. tds lemme iD 6.42 
Vanor-Side Hu l.Gee wo Seles 
DATA FOR THE UNCERTAINIY ANALY sie: 
File Name: SO@88S1tAS 
Fressure Condition: Atmospheric (101 Pa) 
Vapor Temperature = 100.09 (Deg C) 
Water Flow Rate (7%) = 66.00 
Water Velocity = 65:1 (m/5) 
Heat Flu.» = ALA 79EtOS CW my ee 
Tube-metal thermal conduc. = 385.0 (W/m.k ) 
Sieder-Tate constant = 2.0512 
DHCER TA TN IY ANALY silo: 
VAR TABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md 0.95 
Reynolds Number, Re beer 
Heat Flux, q Peele 
Log-Mean-Tem Diff, LMTD MOR: 
Wall Resistance, Rw Feds 0) 
Overman i Her.G... Ue bake 
Water-Side H.T.C., Hi SJ enale: 
Vagoneorge H.-C... «He as 
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UA TATE OR THE GnCeR Taino ANALYSTS: 


File Name: SOVISINAG 
PRessteeeGenailt Len. Atmospheric (I@1 tPa) 
Vapor Temperature =. O9292 (BDeag= > 
Water f lowrwkate (7%) = 20.a0 
Water Velocity 2 fie ee (m/5) 
Heat Flux = 4.1046E+05 (W/m*2) 
Tube-metal thermal conduc. = 485.0 (W/mK) 
Sieder-Tate constant = 0.0681 
UNCERTAINTY ANALYSES: 

VARIABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md Ga hs 
Reynolds Number, Re By S| 
Heat Flux oo 5208 


Fog-Mean—lem Oitt , LMtD lea 


Wall Resistance, Rw eae: 
Overall Ael.c.,. Uo Se0e 
Water=sider Hl. 1.C.. Hi 3-06 
Vaper—-oregetiei.c. . Ho Teolslé 
PATA eOR THE UNCERTAINTY (Anniey SiS: 
File Name: SQ@OISIAS 
Pressure Condition: Atmospheric (1@1 kPa) 
Vapor Temperature = 100.06 (Deg C) 
Water Flow Rate (7%) = 80.00 
Water Velocity = 4.42 (m/5) 
Heat Flux = Se Set0o. «AWem 2) 
Tube-metal thermal conduc. = 385.0 CW ha? 
Sieder-Tate constant = 0.0681 
VHC Ain ANALYSIS: 
VARTABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md A, (es) 
Reynolds Number, Re bes 
Hedt. rl tie. Ashe 
Log-Mean-Tem Diff, LMTD 2o8 
Wall Resistance, Rw 226% 
Ovemall ier... Uo les 
Water—-Side H.1.C., Hi eas 
Vepog-oblGde HH. l.l., Ho 1.68 
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DATA FOR THE UNCER IITs signe mepculo.: 


File Name: SUB SS tho 
Pressure Condition: Atmospheric (101 kPa) 
Vapor Temperature = 100.02 (Deg C) 
Water Flow Rate (7%) = 20.02 
Water Velocity = Ss (m/s) 
Heat Flu» = 4.52567 05 CW 1 oe 
Tube-metal thermal conduc. = 385.0 (W/m.k ) 
Sieder-Tate constant = 0.0647 
UNCERTAIN ¥ “ANAL Y Sa 3: 

VARIABLE PERCENT QHEER IAIN ¥ 
Mass Flow Rate, Md 3.00 
Reynolds Number, Re Cen) 
Heat Flux, q ono 


Log-Mean-Tem Diff, LMTD eS 


Wall Resistance, Rw orion 
Overall teiec 3. Vo SOS 
Water-Sitdeshel. Cer Bis vis! 
Veo i =o ale wienies Cs ete Ga 
DATA FOR THE UNGERIAINTY Sana SiS= 
File Name: Eves IAs 
Pressure Condition: Atmospheric (1@1 +Pa) 
Vapor Temperature = 99,94 (Deore 
Water Flow Rate (4) = 80.00 
Water Velocity = 4) (m/s) 
Heat Flu- = 6.19S5E105  2OW7 mee 
Tube-metal thermal conduc. = 385.0 (U/m.K) 
Sieder-Tate constant = 0.0647 
UNC EROnING ¥ emivaley oS: 
VARIABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md eres) 
Reynolds Number, Re lal) 
Heat Flux, q a 
Log-Mean-Tem Diff, LNTD oD 
Wall Resistance, Rw Bo’ 
Overall Fel... Uo O02 


“yy 
ek 


vy 
a a 


Water-Side H.T.C., Hi 
Vapor=-SideyH,1.C 2, Ho 


PIN — N 
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DATA FURS THEOBNEERTAINTY ANALYSES: 


File Name: FO@BS14) 4 

Pressure Condition: Vacuum (tt kPa?) 

Vapor Temperature = 48,50 (Deg C) 
Water Flow Rate (4%) = 20.00 

Water Velocity = 16 (m/s) 
Heat Flux = Le378E40S (W/m Ee ) 
Tube-metal thermal conduc. = 385.0 Wy mere 
Sieder-Tate constant == Q0.@666 


UNCERTAINTY ANALYSIS: 


VARTABLE PERCENT VNCERT AlN TY 
Mass Flow Rate, Md 53.00 
Reynolds Number, Re mala’ 

Heatur bury Go on. O4 


Log-Mean-Tem Diff, LMTD oo 


Wall Resistance, Rw ohio 
Overall Hatec.. Uo 3.@6 
Water-Side H.T.C., Hi om oil 
Vator= si Ge Hel C.... Ho aac a NG. 
farn FOR |THE CUNCERaINTY ANAEYSTs: 
File Name: FQQOBS1V1 
Pressure Condition: Vacuum (1 | Pa> 
Vapor Temperature = 48.48 (Deg C) 
Water Flow Rate (%) = 80.00 
Water Velocity = 4.42 (m/s) 
Heat Flux = S26 e70S s CW me.) 
Tube-metal thermal conduc. = 385.0 (W/m.K ) 
Sieder-Tate constant = 0.0666 
UECERTOINTY ANALYSIS: 
VARIABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md O74 
Reynolds Number, Re lala 
Heat Flux, q 1.08 
Log-Mean-Tem Diff, LMTD aS) 
Wall Resistance, Rw ae eit 
Ovierowletat.C6. Uo Ieee 
Wee Siderty beG. . Hi Sale 
Vaner=orde tH.1.C., He 5.08 


109 


DATA FOR THE UNCER TEN al tals yest >: 


File Name: tim? Ss 1U2 

Pressure Condition: Vacuum (11 bPa) 

Vapor Temperature = 48.61 (Deg C) 
Water Flow Rave: «2? = 20.00 

Water Velocity = 2.46 (m/s) 

Heat Flu = |. .o3OET@S BG ts 
Tube-metal thermal conduc. = 385.0 (W/m.kK) 
Sieder-Tate constant = Oe Oats 


UNCERTALNTYenNni ySls- 


VARTABLE PERCENT UNGERARAEHIT Y 
Mass Flow Rate, Md 4.00 
Reynolds Number, Re Sales 
Heat. Plu eae Bris 


Log-Mean-Tem Diff, LIWTD £35 


Wall Resistance, Rw 2bo 
Overall H.T.C., Uo Gan 
Waten=5 idewhiems.. Hi Gaae 
WEVeloletes tars: (al ,-\| 2h eae lake, eae 
DATA, FOR THE UNCERTAIB TY SANA yYSis: 
File Name: BO oil en 
Pressure Condition: Vacuum (11 Pa) 
Vapor Temperature = 48.72 (Beg C) 
Water Flow Rate (%) = 66.00 
Water Velocity = O28 (m/s) 
Heat Flux = 2vcboetTOs il tieee, 
Tube-metal thermal conduc. = 385.0 (W/m.K ) 
Sieder-Tate constant = Q@.@S12 
UNCER TAINLY sANhieyYS 1S. 
VOR TOReE PERCENT UNCERTAINTY 
Mass Flow Rate, Md isle 
Reynolds Number, Re 1 eg 
Heat Flu», q 1.30 
Log-Mean-Tem Diff, LMTD pts 
Wall Resistance, Rw 2265 
Overalls Heim. Uo ee) 
Water—-Side H.1.C.. Hi Spe ele. 
Vapor-Sicdemn. |2C.. Ho erg hs) 
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DATY FOR THE UNCERTAINTY ANALYSIS: 


File Name: POS4Sa 1 1 

Peessure Condition: Vacuum (11 }Pa) 

Vapor Temperature = 48.402 (Deg C) 
Water Flow Rate (4%) = 720.00 

Water Velocity = 2.06 (m/5) 
Heat Flu» = ease tOS: “Chi7m Ee ) 
Tube-metal thermal conduc. = 385.0 (W/m.K ) 
Sieder-Tate constant = 20512 


UNCER TALI SANA Yo1S: 


VARIABLE PeRCemil UNCERTAIN | ¥ 
Mass Flow Rate, Md Sele) 
Reynolds Number, Re Se 4 
Heat lun. a S05 


eeg-—nean-tem 01ff LNT Jo4 


Wall Resistance, Rw res ay) 
OVverail Harec... Ue BUH, 
Water-Side H.T.C., Hi Beoo 
Vanog—oide H.17G... Ho FETA ALS 
DATieE ORs tHE (UNEBRTAENTY ANALYSIS: 
File Name: FO945101 
Pressure Condition: Vacuum (1f tPa) 
Vapor Temperature = 48,46 (Dag C) 
Water Flow Rate (4%) = 66.00 
Water Velocity = 6.47 (m/s) 
Heat Flux = Pe GetetOae (W/m-2 > 
Tube-metal thermal conduc. = 385.0 Cy tie) 
Sieder-Tate constant = fa Sys) 
UNCERTAINTY ANALYSIS: 
VARIABLE PERCENT UNCERTAINTY 
Mass Flow Rate, Md @.96 
Reynolds Number, Re i el, 
Heat Flux, q te 24 
Log-Mean-Tem Diff, LNTD slnile 
Wall Resistance, Rw POPES: 
Overalls. 1.6... Uo 1.40 
Water-Side H.T.C., Hi 56 Sli 
Vatenemolde H.).G.., Ho 7234 


hil 


APPENDIX D. RAW DATA 


The names for the raw data files for each tube are listed in Tables 4 and 9 in Chapter 


5. The actual raw data files follow: 


a2 


Tube Number: BB 


File Name: SQ@BBS1VU3 
Pressure Condition: Vacuum 
Steam Velocity: 2.0 Om/s) 

Data Vw lin Tout Is lo-li 
tt (m/s) CC) ig One CG.) (CD) 
| [2587 [oe Sal 2i1-be 46.51 ae | 
2 Nees FE Poeeo 21.62 48.54 len? | 
3 b2d3 13.68 AL eg Bl 48.41 143 
4 Wes Ec Pasts: ZA il 46.37 | eee es 
Ss) OF? Nhs oS rs eUn (a 48.32 Lee 
5 187 19.52 2@.74 48.4] oz 
ef Fare jest pst | 2@.45 Hs ats. 1.@S 
8 Zoe S241 20.47 48.49 1.@6 
q 2b Pose 20.25 03262 205 
12 2.5038 |e may 20.25 48.67 noe 
)1 3.@! lae2s 22.09 48.38 sod 
c 3.01 oe 20.039 48.57 .B4 
| Res, S200 BSS Psst 48.30 76 
14 Sea9 jot 13) bo.94 48.4] sTG 
US S266 1904 19.85 48.2 ed 
16 3.66 19.14 19.85 48.64 ral 
17 [ele 1oee7 Zea 48.62 ra) 
16 ela, 19.68 elo 48.63 1.70 

Tube Number: 88 

File Name: S@BBSIAS 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Vu Tin Tout Ts To-li 
ft (m/s) Ces) CC® ce.) cc) 
| ie ee 19.55 Looe 10@.@2 OT ET: 
c La? si SS ENSS S324 4776 
3 Ve eos ek ee PLO fs 9-07 S195 
4 1343 195.52 Pato wes 5) So-5] 3.94 
iS 187 eek 22.46 939.79 ePey 
6 L287 19.15 ee sh7 99.865 Soe 
zi fig as 13203 Ale 39.87 <..85 
B ences 13205 21269 39-88 2.66 
q Aa, Sie) 18294 2,44 S992 <.50 
10 Pay cies 16.94 21.44 SPSS I) 2.50 
Ll Seu La7e7 rag Wee a) S3o-08 Cece 
iz 520) [Beez PAD 100.97 Zeke 
13 S259 18.861 20.864 99.862 Zee 
14 S59 1e2cH 20.863 837,30 2eOe 
is 2.66 1LBeve 28.66 10@.@9 1.89 
16 Seb 18.76 2@.66 39,30 eg 
17 NW ae, ono Pag PS 100.11 At 
18 Wee tars Metelsys) ZA. So 10@.24 4.78 


ie 


Tube Number: Q1 


File Name: S00151V3 

Pressure Condition: Vacuum 

Steam Velocity: <«.@ (m/s) 

Data Vu lin lout Is ror he 
ft (m/s) CC) Cr) CC) CC) 
1 eles ed fata) 71.6 48.48 1.86 
A eon ae 19. de 21.70 A8.68 1.88 
3 | Pe Bs, 19.62 2l.ce A059 lod 
4 1.49 Nash slfs Aa 48.30 ess 
5 aisle! S245 Os 3 48.39 1.20 
6 1.98 19.44 SO. 75 48.42 ee 
£ PES es eee | 20 .o5 AB.43 1.89 
8 Zee 19.30 2@.40 48.40 be 10 
9 3.@1 19220 2017 48.39 94 

1 3.01 19.2 20.19 48.41 -85 

| 4.44 ase hs) 20.03 48.54 oS 

le 5.44 S23 28.04 48.44 58/5) 

13 eo oer VsiGsh 48.36 a fas) 

14 S207 NBs heey ee 19.91 AG eae .76 

is AAG S790 ses ts 48.45 as is 

16 4.42 19.10 P97 48.43 .67 

17 |e lar 19.90 21.76 48.49 Te og 

Tube Number: 01 

File Name: SABISIASZ 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vw Tin Tout Ts To-Ti 
(m/s ) CC) CG) (Ge) CC.) 
| Lcd? 19.62 24.92 99.92 5.30 
a es bat 19.62 24 92 eis ands) Sara 
z' 1.49 13245 23.84 99.354 4.35 
4 1.49 1945 Zo.04 99.94 4.39 
5 1.99 ss een oe Oe 1092.21 S200 
6 1.38 is are Le«8e 93.98 a0 
% Coe. 1514 oe. Od 95.94 Ash) 
8 Figen) 13.14 22.@9 Soeco 2240 
5 3.01 Sa)? PoE 39.91 eos 

10 3-01 19.07 21562 Joo? 2.55 

11 oS. 44 19.92 Ta 7 95.35 re 

iz S214 19.02 ele2a $9.91 Zeon 

134 Secu 16.9 21.01 $9.96 Oe 

14 3.88 1S, 98 21.901 $9.96 2 .@35 

15 4.42 13°05 20.84 100.86 1.62 

16 4247 1ooae 20.85 100.12 1.82 

17 i ee 139.80 25.96 10Q0.@4 S.¢ 

18 Lal? 19.78 25506 39.96 See 
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Tube Number: oo 


File Name: SEU RES om) Bae 

Pressure Condition: Vacuum 

Steam Velocity: 2.Y (m/s) 

Data Vu Ton Tout Is fe-11 
i (m/s) (C) Ct Cli.) Ci) 
| LG <1. 6 PaeG AU.40 1.9@ 
Vs 1.16 21.@6 fd Aas | $4 48.49 1.90 
S) bag 2@.87 Apert, 48.42 P62 
4 149 20208 Fir | 48.42 1262 
5 ior 20.09 22703 46.45 eo 3 
6 | ees We 78.69 meet 48.45 Pes 
7 Page Ss 20.56 Z1269 Gs ees) Need AE 
8 BRE VS 29.56 a PES 48.35 | es 
=) 4.00 20.48 rs) eae | 48.46 od 

1 3.@@ 20.49 <1. 48 48.5@ eo 

11 Seto cU.4S Ameo 48.46 .90 

12 3.43 20.43 Fh Es 48.64 noe 

13 Snot 29.38 a ee) | 48.50 . 88 

14 S287 20.38 7a es GS, 48.60 oS 

iS 7 | ZUR ae L1L.OA 46.51 ae 

16 4.41 20.33 21.@4 Ago aie 

17 eG 21.@8 ee OT 48.62 iae3 

18 1D 21.@8 Ae es if 48.S6 I.83 

Tube Number: 89 

File Name: S@83951V3 

Pressure Condition: Vacuum 

Steam Velocity: 2.8 (m/s) 

Data Vw Tin Tout Ts To-Ti 
ft (m/s) (GC) (C) (EC) CC) 
1 eG ele Se Poel 48.42 leg 
c 1.16 ZA Se 235.40 46347 Ra 3 | 
5 Re | rag ws | APES 40559 Gl 
4 1.49 c1es2 PPh 48.46 ATS | 
5 ey 2 ee ca. 4S 48.49 | 
6 | Wes Fg re) a 22.45 48.36 | Gee 
7 Fieasts | 2096 22:10 48.48 Pere 
8 Fass | 205-90 ez. 19 Abe St Pes 
5, 3.80 2@.89 Pigs eae 8 | 48.62 role 

1@ ee 20.84 Zilvsxt 3 48.30 Ashe, 

Pl 43 20.84 Fas Dar | 48.39 -o9 

Zz 3.86 20.73 21.60 48.49 sol 

13) C205 20274 21.650 ts ee) .80 

14 4.4] 20.74 21246 48.43 ane 

1S 4.41 20.74 21.46 48.77 te 

16 Pere aes E3250 48.48 lara 3 ie 

iy 1.16 215 25.50 48.45 Wes 4 
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Tube Number: 


File Name: 


Pressure Condition: 
Steam Velocity: 


Data Vw 
t (m/s) 
1 ees 
a 1.16 
3 La3 
4 lac 
= eS 7s 
6 Ves Is 
et 23a 
8 Fins 
5 3.00 
10 3.00 
el 34S 
lke eS: 

ies ec Gi 

14 5.87 

1S 4.41 
16 474) 

17 1.16 

18 as: 


lube Number: 


File Name: 


Tin 
(C) 


21 
21 
(a) 
cl 


| 
a 


-+ 
G 


4 
a 


+ 
a 


5 
a 


5 
GQ 


- 
a 


7 
« 


7 
a 


fa) 
a 


eA 


5 
a 


726 


cn] 


ie Ss 

205 
05 
. 86 
2Q. 


86 


+ 
a 


Aen 
5) 5, 
coe 
oun 
word 


+ 
a 


+ 
< 


-46 
20. 


46 


> 


ea 


mn) 
a 


Pressure Condition: 
Steam Velocity: 


Data Vis 
g (m/s) 
1 1216 
ie 116 
3 1.49 
4 1.49 
S ) es FA 
6 a sl % 
fi Fan es 
8 ZoSe 
9 3.00 

10 3.00 

11 3.43 

12 er ce 

ise: 3.00 

14 3.87 

HS 4.4] 

16 4.41 

17 1.16 

18 1.16 


Tin 
Coy) 


21 
21 


> 
a 


21 


oan 
a 


20 


Le | 
< 


20 


a 


21 


+ 


0 & 

Seo 
04 
04 
20. 


86 


Sse 
20. 
20. 
.64 
20. 
20. 
Si 
oOo 
20. 
22. 
20: 
aan 
Beh 


+ 
= 


a 
a 


63 
4 


54 
47 
47 


89 
SaBOSIAS 
Atmospheric 
L..0 (mys) 
Tout Ts 
(Cc) CC) 
26.86 100.00 
76.86 35706 
A SWee pe) 100.01 
Pas eae, 100.07 
Bea hs 108.02 
24.74 g92 36 
24.00 120.04 
24.00 100.04 
Coo 59.96 
“ay eRS\| 100.09 
Poe do 100.12 
Cone 100.03 
o2.cGa 99099 
22.88 Shs) s stil 
Zoeao a. a4 
feuoG 100.01 
Pe Pee 20.66 
oe els] ates 
89 
SOB9SINA 
Atmospheric 
1.0 (m/s) 
Tout T3 
(C) (C) 
ooo? 100.80 
26.87 99.98 
25.86 S15 635) 
25.84 99.86 
24.80 lie has PZ 
4.81 100.@2 
24.03 100.01 
24.02 100.82 
2a 35 99.94 
hs We | Sis}Asle) 
Zoe 6 100.08 
2 ae 16 a9:25'9 
faa S17 100.04 
Pigfiaass 8) 59.95 
22.58 a9..69 
Zo. OG = Jes oe 
25792 100.00 
26.90 S9e95 
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Loa i 
GG 


62 
.60 
74 
ae | 
eo 
SES, 


bo | 
0 & 


22u 
. 88 
.88 
250 
Bs ro 
so6 
Bs 
“06 
.08 
.88 
. 88 


U1 UT Pa PI PIP PINIMINWWN We ev ol 


lo-4 
(Ci 


bn | 
« 


+ 
< 


.81 
- 80 
Bop) 
she: 
Sel 
. 32 
289 
299 
no 
oo 
oA 
34 
10 
219 
.65 
oo 


UT Ura NnNnN phan tan www & a oo 


Tube Number: 74 


File Name: FO7ASIVI 

Pressure Condition: Vacuum 

Steam Velocity: 2.9 (m/s) 

Data Vw lin Tout Ts To-1i 
tt (m/s) CG) Ce) cc) (C) 
I ois Z1ES 23252 AB.29 Ae NS, 
Py bo16 21.14 Poe Sic 46.21 2210 
3 Peay PAWS fe S278 46.19 1.86 
4 9 Aide Aa ae | Wel fees 
5 Pao7 20.78 22.40 48.07 P62 
6 Pee 7 20% 0 cent | 48.69 L262 
7 Ped 20.67 22.10 48.09 a3 
8 2.24 20.67 22.10 48.12 P45 
a eee 20°59 fale o8 48.19 We 

10 eebe 20.60 fa Walshe: 48.03 | 

11 3.80 20.5935 ekeetl 48.66 1.18 

12 2.80 Pa Te i a Ee | AB.2 es: 

|| Sao 7@.48 21.55 48.17 1.@8 

14 S00 20.48 Gel SG 48.68 1.08 

15 S205 2@.45 Ac) GG 5) 48273 1.0] 

16 3.265 20.44 21246 48.73 1.02 

Ve 1.16 Fa) UD ee: wono8 48.01 2.20 

18 1.16 ESS) In| 20-40 A798 Zat 

Tube Number: 74 

File Name: FQ7451V2 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vw Tin out Ts rool 
tt (m/s) CC.) CC) CG) CG) 
| 1.16 Zale Couos 48.61 Zoli 
2 eas) 21.18 23.30 4e.15 care 
) 1.49 70.98 22.05 48.65 ieee 
4 1.49 20.98 f2708 48.62 1.87 
G Pees 29.81 Pea 48.62 abd 
6 Peer 29.81 | AG er 2 1.60 
7 ere 20.71 AS AQ.48 {[.44 
g eaa4 20.741 CoA 207s 1243 
9 Fok Sif 7<@.63 ele oe 48 .@S te23 

1 Ze bie cW.5S Fi) | 48.66 |e 

1] 3.00 20.56 Fag eae oe 48.02 L217 

Ie 3.90 20.56 Ae) a 48.79 1.17 

3 S20 20.51 a4259 ACs 71 1.08 

14 Sie: 20.51 ere oo 48.58 1.08 

rs 3.69 20.48 21.50 48.@3 1.02 

16 eS 20.48 21.50 AG wl2 1.@2 

17 as Dlce | Loe 48.26 Paar) 

18 1.16 2 lene Zora 8 Fes] evl? 
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Tube Number: 7A 


File Name: FO7TASINAI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vu ofa) out T5 io=ii 
tt (m/s) Cc» (C) (C) (C) 
1 | Pm ig 28.26 272.40 39,09 Jaana 
Zz Wee eg 20-25 Ce 7 99.83 Dee 
% 1.49 2@.82 26.6 99.80 6.18 
4 1 a9 20.02 26.2 SISIA (As: b.18 
5 1.87 S285 AS ra 100.04 Sg SIS 
6 1.87 192.85 PEN asa) 29.94 S205 
a Phe fies NES 16) AeA Sy) 100.08 4.76 
8 BE Paes) 13..735 20,49 qee95 4-76 
9 2265 US ES 25.95 99°.85 4.30 

1Q Zoo 13.65 LS as bet 100.10 4.31 

1! 3.Q1 19.58 20.49 100.201 Gag 

legs SOO | 193.58 2on44 3a.05 Seo 

13 TAPES Gs | 19252 po ,.04 100.22 3.62 

14 Droog oes 2 Zo 2 RES TAs, S2be 

Ls 3.66 13.48 Pend | 120.08 3.43 

16 S256 19.48 Ai ane) | 10@.12 yy 

17 eal ag 20 neo 21559 bs is ats Toc 

18 say rs 20.23 27.56 100.@6 7254 

Tube Number: 7A 

Flle Name: FA7T4SIA2 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vu Tin Hott Ts lo— 
f (m/s) (C) al Oy cc) cc 
j Leelee 20525 eee 50 29.92 Teo 
2 ee 20.22 27.58 100.@6 7 ooo 
g 1.49 29 .@0 cO.oo 100.12 Beo0 
4 leea.o 20. AQ AS 508) elis Bas I boo 
5 1.87 13.64 Figs arte) 100.14 Sa 
6 8? 19.864 ADS) oye: 1900.2 Swe) 
z Cee oer Pee ros, 100.03 4.87 
8 Fee Hoe ee LP 24.68 ro te [Fave 4.88 
a Fe oe: Ie64 24.03 100.19 4.40 

10 2.63 18.64 a4 204 100.07 4.40 

lel 50 | 1a. 57 Res | 54,75 4.02 
Z 3.0! is leas 25.60) 99.65 4.03 

13 $..59 (Sy 97 Zoe $3..75 5.69 

14 e. 39 he Sees fe 282e 1 100.98 5.69 

es 3.66 sl aes. PM sis 10@.@9 2.49 

16 3.66 1a 43 22.90 SS 7e4 S.493 

zs aly 20.2 ACS | 100.18 TEARAS 

18 L247 ZO 24sb2 2) Ws he Oe 
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Tube Number: 75 


File Name: FO7SSIVI 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vw Tain Tout Is lot 
H (m/s) CG) CC) CC) a 
I fei <0. U0 Pars 624) AB. 70 BA 
2 1.J6 70.80 Eee at 48.19 2.08 
3 1.49 2@.61 ce.4l Ae 2 1.80 
A 49 29.61 a 48.23 1.80 
5 ab? 20.47 22.90 48.07 P54 
6 Pee 7 29.47 2. A 48.58 | es 
7 coe 20.38 Clete AG 71 1.34 
B Lee 20209 Zed 3 B07 1.34 
S. 2.62 20.32 21.52 48.77 | es | 

10 FAN SW PA | ELeSZ 4B.2 bre 

11 3.00 22.26 21.06 48.63 1.09. 

Pe 3.02 20.0 AUR eS 48.79 1.89 

LS S250 Zou Pl ee 48.06 a els, 
14 5200 20.24 Pleec SO 47.98 99 

15 3265 20225 21.16 AB.62 -93 
16 3.65 Py 21.16 40595 ee 

17 eG 20.90 23.04 48.59 Pat Me 

18 F-L6 20.98 23.04 48.68 2.06 

Tube thimber: 75 

File Name: FO7SSIV2 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vis Tin Tout Ts 10-11 
tt (m/s) Ce) Cer CE.) CC) 
1 1.16 21.05 Bonet t AB.3@ <2. @6 
2 1.16 21.06 Z3.. 13 46.17 2.07 
3 49 20.86 @eo54 4B.42 fae 
4 I49 20.86 ALPS Sige 46.24 ear 
5 1,87 eOGide C2225 48.67 1252 
6 ja 3 iy Pals BF (6) Bee 414 12 
7 2.c4 20.65 el. 96 48.30 bo 
B 2.24 20.66 21.96 AG272 eos 
S tebe 2@.59 As eae! 48.62 1.19 

10 Zoe 20.59 Zl.793 Aare bee 

11 3.98 29.54 21.61 48.30 1.97 
iz 3.90 20.54 212 b2 48.82 1.08 

nS ts) 20.51 21.50 AB.3@ .98 
14 5258 20.52 21.50 4B.16 33 

tS 3.65 z20.49 21.42 46.25 odo 

16 a265 20.50 21.435 48.74 93 

17 1.16 Fa ee | 23.28 48.31 2.@6 

18 1216 Fad Mee ZoOece 48.65 2 .@S 


ee: 


Tube Number: 75 


File Name: FOATSSINYI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vw Cin lout Is ioe] 1 
ft (m/s) (C) (C) CC) cc) 
1 Pe Ue Clee 20 or 99534 eae 
z alls 2lgee 26.57 10@.@2 ieee: 
3 143 Zia eon 997.94 6.25 
4 }.49 Fay ees 8 Ares U0) 190.12 Bech 
5 1.87 20.95 e6.o0 elsle shy) 5.43 
6 1.87 Algae Se 2b-08 291 £5 
4 2.24 2@.84 25.69 100.06 4.84 
8 2.24 20.85 Coere 99794 4.85 
S, 2 s62 20277 25247 99.96 4.42 

1 Zibc Past Ye 25.17 So 3h 4.40 

1 5. @2 20.7) gt arg 102.®2 4.@5 

te 3.@@ 20.71 Tar 33404 4.06 

13 Soo0 c@.67 e4.43 SITs i] OeAs 

14 Sag 2@.67 Ba, 43 100.04 3-76 

il o.05 20.64 ZA 221 100.19 S57 

16 bags 2@.64 Pa GPs 1@@.32 S250 

17 us Fg ae | 28.70 100.13 eo 1 

18 eas Figs argo re, Coe to 10@.16 Tipe s 

Tube Number: VS 

File Name: FQ@7SS1N2 

Peessure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Nata Vis Lin Tout Ts lo ti 
i (m/s) CE) ce) CC) CC) 
! es 2 laa 28.70 Ssh 18h| W208 
Z 1.16 Pa ee Vi 28.70 99.89 ee 
5 1.49 Elian ALP RSS) s S/8 85 6.34 
4 !.49 2ie2e 2 SS Sos Px Gso3 
5 L287 Pia i) AS) 8 | 99.88 Soo 
6 Wa Sie Pag) is 26.59 59295 S50 
ot cwcA 20.97 25.90 100.10 A235 
8 ean 20S 57 25.9! $9.97 4.94 
9 cee <@.89 25.35 99.82 Ana 

10 Fay, SP 22.89 Es SNe) 100.80 4.47 

1a 3.8 22.84 24,96 5/2) 33)3) Azle 

lez 3.@0 20.84 24.96 10@.@5 aed 
rs ye os! 2@.80 ~4.62 197@.@2 B00 

14 B36 20.82 24.62 100.09 3.80 

1S Syale Si 22.77 eaoa S/S, SIM ere | 

16 Jo6S 20. 0a 24.39 SIRS )S) Baae 

1? 1.16 TWAS al eeue7 99.98 Vea 

18 1.16 21.5! 2009 100.13 7250 
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Tube Number: 76 


File Name: FO?BSIVI 

Pressure Condition: Vacuum 

Steam Velocity: 2.8 (m/s) 

Data Uw Tin Tout Ts Te=T1 
(m/s) (C) CC") (C) CC) 
l 1516 a aS 25.99 ABL 37 2.16 
2 16 21.63 Zoe 48.58 2G 
3 1.49 21.45 Coal 48.51 1.86 
4 ee | Eleees Zool 48.28 1.86 
5 1.86 Clee 222907 48.58 1.40 
6 1.86 elvoe Ae ce 48.57 1.60 
7 Dea CLeeA Zee 48.64 1.42 
8 BEATE eles AP 6s) 48.35 teas 
9 fewe pay ey Ws: te NS 49.66 | a 

10 2.62 e ale Fa are | 48.2 | Paras 

ie) 3.@0 eels De AGol6 116 
2 3.80 ei, ia Dawe 48.70 21S 

13 o.o0 21.09 Cees 48.20 0s 

14 S258 ole moe 48.66 1.05 

1S 3.65 21.08 eee Ole 48.80 Sie! 

16 5.65 21.08 22.07 48.80 ooo 

ie Phe eae. B 1 mon 2 48.52 pe la 

18 L116 Zi Ge Pe geen AR.@4 Faget 

Tube Number: 76 

File Name: FO76S1V2 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Uw Tin Tout Ts to-i3 
tt (m/s) (C) GE.) (C) CC) 
1 116 2129 at Pes lps: 48.2 <.10 
ay 1.06 21.89 c4.@0 48.59 rie bs | 
3 1.49 278 Aes | Ae. 92 18 
4 Peas 21. AISI 48.54 1.80 
3 1.86 21.58 Pe AB.32 | Gels 
6 1.86 Paes Fae el 48.28 a SS) 
aL Z2ee4 a @cwos 48.58 P38 
8 ene 21246 Pag Se) 46°53 {oo 
S, Ae owe 21.40 22.64 8Biz eee 

10 Ee oe 21.40 e364 48.54 1.2 

11 3.20 21.354 22.47 48.55 Ie 

12 3.@0 216 crac 48.33 is 

13 3258 ra ee | Ze. 55 48.50 1.04 

14 3.38 21.3) 22 woe 48.49 1.@4 

iS 3.65 a lee 2ea0e5 48.38 . 98 

16 a265 elves 22a 48.45 6 

iW 1.16 212959 24.07 48.45 2.28 

18 126 Pa) Wess, 24.07 A8.5S7 2.98 
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Tube Number: 76 


File Name: FO7ESIAI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vw Tin Tout Ts To-Ti 
tt (m/s) (C) aC) CC) Co) 
! iG ee 45 30.09 99.81 7.64 
Ps eel 6 Pe S011 100.@0 7.64 
3 1249 Die 23.2 39.81] Ga73 
4 eas Bo ou 20S 108.09 6275 
5 Veatss 22-15 28.09 soe 5.93 
6 1.86 22-16 28.10 100.11 5.94 
v @aca cc .O6 <?7.40 10@.12 ae 4 
8 De e506 oa. 4) 100.04 3 Shs) 
5 tuabe Aes ishs 26.87 100.07 4.88 

1? 2.be Oi) Se) 26°00 99.80 nob as| 

11 3.00 217,34 26.46 100.08 4.52 

12 3.02 21.94 apie ¢ 100.14 Sa 

LS PEK AN Rs & 3 Shes Ae 

14 See | ae oe £6.15 108.03 hee 

LS 3.64 21.89 AAS Ss 93..97 4.04 

16 3.64 Als sis] -5.94 100.24 4.04 

7 1.16 Fgh al SP OO.2 $9.95 70 

18 6 C2262 34.20 99.79 7.50 

Tube Number: 76 

File Name: FO76SIN2 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Uw Tin eert Ts i Bo egal i | 
f (m/s) CC) (C) (€) (C) 
! Ph6 22.66 30.3 Bo). 42 (264 
c 1eaG 22.66 Ono S 99.79 Tat 
S 1.48 22.45 29.17 100.09 Bee 
4 1.49 hel eS 2S 100.18 6.74 
G 1.86 hag Goce 100.08 S085 
6 1.86 Ta Flee oe | FALLS Sars oo. 2 S/o 5/8 
7 C7. 4 ooo Fay ea | oa. 79 Si ore! 
B sgh Cel 27.5! 99.84 5.33 
g EOL 22-10 26.95 S/S Rass. 4.85 

1@ eae ras a Ale 08 hs aoe d 4.85 

1] 3.00 Cen0s eb. Se oot 4.48 

12 3.90 22205 / 2 99.69 4.48 

is geod 21.98 26.14 99.78 4.16 

14 Seo / 21.98 26.14 39.935 4.16 

LS e048 ag Es | Zo. 40 100.01 S65 

16 3.64 21.94 Bo ol 100.13 Pes 

b? 1.16 22.64 30.42 alee oe | 7.78 

18 el 6 22.09 30.44 99.90 7.80 
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Tube Number: Ter 


File Name: FO77SIAI 

Pressure Condition: ftmospheric 

Steam Velocity: 1.0 (m/s) 

Nata Vw Le Fa Tout Is kot 
t (m/s) cc) (C) CC.) CC 
1 Lene 22046 figs ee 99-86 Sires be 
a £216 22.46 29.40 100.05 Beo4 
3 lead uf Pay. | Pigs a) eS 100.200 = re ps 
4 r.49 Cenes 6.19 99.285 a ais) 
5 1.86 PuPaard 8] oy .od 99.80 ome 4 
6 1.86 22.09 PL] RY: Sor 9 Sere 
7 2.24 Pau) Gras || ea. t oi. 40 4.73 
8 en24 AY) ease 26.70 100.08 4275 
9 Pa Sy elves (|S rae 100.09 Ao 

1@ eeod cl2B3 BG.22 100.11 Ao 

ja | 3. @@ Cee 25.80 S3290 Se she] 
Ps 3.00 elebe 25.80 $97.96 Sos |e | 

ee a a ele 7 25.48 Boe 84 Seal 

14 Seo 2176 295.49 a2.04 See 

Us 3.64 Plots 25517 100.06 Sea4 

16 S204 ele es Paes] ao 5 5746 

7 1.-f6 ec unG 2d 5O 39.66 7.@6 

18 lags 22.44 Raley, ga; 94 AUS) 

Tube thumber: 77 

File Name: FOr Sliyz 

Pressure Conditton: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vw tin Tout Ts To-Ti 
t (m/s ) CG} CC) CC) Og) 
1 Leib Becke Pais Wee) o/s ates le Awol 
Z Pols i Fgh WP 29.45 Selene 7.Q@!1 
5 ao B22 ls ee ie o8065 Bek 
4 ra fs Ay Sia 39:38 Get 
5 1.86 22.05 Bt Ol 100.280 Scie) 
6 1.86 eno PALER ONS. o9. 97 5.54 
7 Bea 2194 26.74 99.96 4.80 
8 Ceca lea 26.74 oie) ceils) 4.80 
3] oeoe PN Bhs) 2bwce sis ipo Aves 6 

1@ ay sys Ziaoo Bg Sas | 39.90 4.36 

J! 3.00 21.79 2520 | 39.91 4.Q@3 
é 3.@0 Clan 25.62 99°..85 4.05 

| Re) Oeo7 raed) ee 8 Plies tet 39.01 o.14 

14 Oro t Cis43 e5ead 99.90 Sie 4 

15 2.64 2i.64 eSee B99) 35.58 

16 3.64 2.69 ESocd 99.93 S253 

17 1.16 Coate 23,50 99.89 Galz 

18 LG C242 Boe 3 [oe Ja gee 7.10 


ies 


Tube Number: qa 


File Name: FA77SIV2 

Pressure Condition: Vacuum 

Steam Velocity: 2.@ (m/s) 

Data Uw Tin Tout is oe 
tt (m/s) Ce} (C) (C) (oO) 
| 1.16 Fares |B | 2a 18 48.61 2.86 
Pa ee UIs: crew Wig EA. 18 48.64 2-96 
3 ead Zeroe fovea a's A8.S6 er ae 
4 143 21.92 Zoot 48.18 ar ia 
5 1.86 21.80 MAAS AG. 21 1.84 
6 1.86 el 80 US We A852 5 1.583 
oF are 21.69 23.QA4 A8.72 as 
8 eee 212698 23.05 48.2 eas 
a 2abe 217.63 Cees AGre7 vee 

10 AG? 21563 e206 48.18 Pee 

Pt 3.@@ oe 59 ec./1 48.16 lete 

ee 3.90 él. 58 far aret A's 48.SQ |e) 

13 Seon ele SS Bee on 48.45 1.03 

14 O61 21.54 22.56 48.69 LeGe 

tS 3.64 Piles He S| AG Te ay 

16 3.64 21 Se 22.49 46 57¢ mao 

lg 1.16 2oeen Pal, Re AB .72 2.04 

18 1.16 cence awe 48.73 2.05 

Tube Number: 78 

File Name: F@78S1V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vu lela Tout Ts leat 
(m/s) CC Ce) (C) 1G) 
1 1.16 A | as) Zod) 48.18 aes i 
Fi hs 2124 25.42 A8.2 Zee 
S 1.49 ClO? Lee StS 48.69 1.88 
4 1.49 ZrO, UE SS 48.67 les 
S 187 Hs oe | Cent 3.67 1.64 
6 1287 20.94 Ae sys 40.97 1.64 
ej coca 20.85 weve 48.26 1.44 
8 oa 20.86 22.39 48.24 ees 
9 cvee 20.79 22.08 AB. < Lvce, 

10 2.62 20.79 2e.03 48.48 hee 

11 3.00 20.74 fe Vines We 48.67 he 

IZ 3.20 20.74 21 Ss 43.71 Ne Tes | 

13 Gy Fe) 29.70 21.82 48.18 1.10 

14 Jo 20.70 21.89 48.2 1.10 

lS ass. 20.67 fai re | 48.S9 L035 

16 3.65 20.67 21.7) 48.03 1.03 

17 1.16 20ST 25.58 48.67 Page 

18 iG Plot 23.54 48.7] 2216 
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Tube Number: 7B 


File Name: £O7BS1V2 

Prassure Condition: Vacuum 

Steam Velocity: 2.9 (m/s) 

Data Vw Tin Tout 15 fo— 1 
sf (m/s) CG? CG.) CC CC.) 
J 1.16 21.49 eo aon 48.39 2al4 
Z 1.16 21.40 eoe05 48.21 eels 
3 ees) cle 2.04 48.69 1.84 
4 ea Fis are PEA LS 140265 bees 
5 le By fap Pah) Fara oes 48.67 le Ge 
6 1.87 21.04 cc.66 48.21 1262 
7 Aun <@.94 Rhee s AG, 2G P42 
8 Ages 20.94 ARPA 4 48°59 1243 
q Cowes 2®@.86 eG AB. 37 L236 
10 Pa or 20.86 Ae AG A 8 Fas 1.30 

iw 3.00 20.749 AAW seis) 48.24 Peo 

LY 3.00 20.79 oe. 98 48.63 Te | 

13 ere) 3| Aloe 7 Fay) Nene a: 48.67 1.10 

14 3258 Pal) ci 83 48.2 1.09 

I S65 29.70 ola 487195 1.@4 

16 S255 <@.70 Fag) ge: 48757 1.04 

17 126 clea ito an pe A255 eed 
18 el6 fies (By SS) 48.55 2.16 

Tube Number: Fas] 

File Name: FO7BSIN1 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vu Tin Tout Ts Tota 
ft (m/s) (C) CC CC OL 
l eke 21.@5 Bo. Sos 7 Bred 
Ps a is: 21.04 28.04 100.11 6.99 
Z 1,493 20.84 26.87 99.573 6.03 
4 1.49 20.84 20759 100.03 6.@l 
5 1.87 20.68 25.84 100.01 5.16 
6 1B 20.67 Zo. bo 100.02 Sua 
7 esc5 Asa fi 25.19 SoG 4.62 
B 2225 20.56 25 le oo G2 4263 
S| 2obe 20.48 24,65 100.01 4.18 

10 Coc 20.48 24.65 100.10 4.18 

11 3.90 20.41 Caue 100.03 Sod 

12 3.80 20.41 Gace 100.901 3.82 

1 2256 2@.36 25289 iS Seeks 3.53 

14 3.28 20.36 23,499 95).-55 3.04 

15 32h 0.52 23.68 59240 Bo 2) 

16 3.65 Z0mGe 2a.00 99.76 5.56 

17 1.16 21.03 28.00 93240 Geo7 

18 1.16 Fig) EP 28.00 100.10 6.47 
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Tube Number: 


File Name: 
Pressure Condition: 
Steam Velocity: 


Data 


t 


—~—~ DH Oo Oo WU a OF MI 


—_— 
hJ 


anA oo Wl a Oo 


Tube ftlhimber: 


Vw 


(m/s) 


— — Cy OY ty GW oY WI AD AD Pg RD Oe ee 


~ AG 
a6 
a9 
49 
wo7 
Shy 
aa 
aya, 
a si4 


~ 
c 


. 02 
. 82 
oC 
28 
65 
.65 
.16 
216 


File Name: 
Pressure Condition: 
Steam Velocity: 


Data 


g 


AC 1 Sal Olas Ah 


J 


OE ed 
Oo UT & WG 


Uw 
(m/s) 


WOWW WwW ps fe Nee ee ee 


6 
al 6 
9 
a9 
zu? 
o7 
#25 


5 


of 


4 
G 


+> 
c 


80 
90 
0 
758 
a(S ps) 
abo 


Tin 
CC) 


03 
103 
oS 


4 
ce 


ay] 
66 
56 
=56 
47 
A7 
40 
40 
34 
3A 
oi 
31 
1.01 
01 


rob 


78 
FO7BSIAC 
Atmospheric 
1.0 (m/s) 
Tout Ts 
CC) CC) 
20.08 100.05 
co.05 100.6 
26.87 100.0? 
26.88 go.09 
5 190.05 
bowd4 120.08 
oie 3) 
Cone 100.13 
24.72 100.12 
24a 275 198.05 
Che q9':783 
CMiec 25)6 3)5 
23.95 100.03 
bond 100.13 
Piso wat | aS 91 
Fe ar AS doeo4 
28.01 oro | 
28.01 23) § (es! 
78 
FO7ASIAZ 
Atmospheric 
Peo Gry S 
Tout Ts 
G) (C) 
eo 1:0 Oono4 
ASSP SIS 8455 
27204 SIS as hs] 
7.09 99,93 
eG. 17 S sleashs 
26.18 109.07 
foe Bla ashe, 
25. 50 lS) s)) 
20.95 100.04 
24.96 100.11 
a4.4@ gae 0 
24.46 ao). 90 
24.09 100.04 
24.10 100.08 
Zo] oo dae 90 
5.00 35:90 


126 


lie —T 4 
ce) 


Ol 
ap 
20S 
ss: 
JAE 


=" 
Cm = 


ig 
a7 | 
- (ae 


5 
om 4 


I ohe. 
-ug 
.62 
6) 
aa.S 
43 
- 00 
. 82 


soNJWwWWWNSWdWeerari Muna yans 


To-Ti 
(C) 


Jo 


on 
a 


6 
6 


+4 
0 € 


Avs. 
Bet 
7A 
as 
30 
ot 
“00 
- 62 
lea 
43 
44 


WWWwWWwNwwNarthravermaitonanonaan 


Tube Number: 

File Name: 

Pressure Condition: 
Steam Velocity: 


Data Uw tin 
t (m/s) CC) 


I P16 212o8 
zZ Pac el.s8 
3 49 ZA 
4 1.49 clea 
5 Lob? cheO2 
6 hoe? ze la@e 
aq 2.24 20d 
8 2.24 2Ozdt 
gq a |e) 2%.82 
1@ Zeb 20.02 
11 5.2 20.76 
{2 3.08 28.76 
13 Seo £0.41 
14 oad 20.40 
LS g.65 29.66 
16 5265 c@.66 
17 Vaalle alee 
18 1.16 et ob 


Tube Number: 

File Name: 

Pressure Condition: 
Steam Velocity: 


Data Vw Tin 
t (m/s) CG) 
1 1.16 Clee 
e eh ZA cola 
iS 1.49 Aes 
A 1.49 20.89 
5 1287 29.74 
6 Leb Wes 
7 Cved 2@.62 
B PE PAS 20.6 
S Zou 20.54 

1 2262 20.500 

11 3.80 <@.46 

12 3.@@ 20.46 

ee 5-56 20.42 

14 bees: 20.42 

5 3.65 20.38 

16 Guals)si EUnot 


a 
FO79S1V1 
Vacuum 
oO 2GMm7 Ss) 
Tout Ts 
CG.) 1), 


fo25] 48.62 
a5.a0 48.59 
23.00 48.66 
colve 48.15 
22.62 48.19 


PDAS 48.54 
Paes | 46-55 
Beet 48.61 
e2e0d 40073 
<2.08 48.50 
Fa sh)| 48.16 
Fash sl LNs (iP 
Clee? 48.56 
Pes Vat, =) 48.20 
2 teatie V8 ne 
21265 rls Pees 
23.46 48.43 
Lowa 48.16 

fis) 

FO7S5SiINI1 

Atmospheric 

1.@ (m/s) 
Tout Ts 

CC) ce) 


Wall 


To~Ti 
163) 


+ 
a] 


om | 
Ga 


nO 
84 
30 
«98 
48 
- 42 


~ 
0 


~ 
of 


5 Sie 
ea 
. 6 
. @6 
ooo 
ssle 


pa ee ee ae ee | 
* « 


ro-11 
CC) 


mS 28, 
sek 
soe 
-9! 
5 i, 
14 
sou 
woo 
em 
10 
eas 
- (6 
eZ 


Re 
a 


39 
sol 


NANO NA Pe Ser MMM aM 


Tube Number: 
File Name: 


Pressure Condition: 


Steam Velocity: 


Data Vu Tin 
§ (m/s) CG. 
1 1.16 a Ss 
2 1.16 Pig 5 hs 
3 1.48 23.20 
4 1.48 Lowe 
5 1.86 25205 
6 1.86 2o20o 
7 2uca 20005 
8 2.24 @e, 00 
9 Zod 2a.88 

1@ 200) 22.88 

11 2.99 League 

1Z AE ShS| o2eoe 

13 ee Ff Coed 

14 Sead Det 

NS 3.64 PAPE 

16 3.64 o2.74 

17 lis Pag Wa 

18 1.16 Cone 


Tube Number: 

File Name: 

Pressure Condition: 
Steam Velocity: 


Data Vw Tia 
8 (m/s) Gy) 
l Tus 23.46 
2 ee es Rae 
3 i248 coc 
4 asi Cone 
5 186 23214 
6 Pai 23.04 
7 one aou0n 
8 245! Coed 
3] 2 ol Agree S| 

10 Pais) Coo 

Li Ao S| 3) Ce 
c oro Deno 

ES) Oi ce2.B87 
14 S204 cc .84 

15 3.64 22.84 
16 eG Lona 

17 1.16 bowge 


90 


FAS@SIVI 


Vacuum 


2.@ (m/s) 


Tout 
(C) 


Ago r 
Fake 
cor 
255 
-66 
eis) 
2o8 
29 
24. 
24. 
Pel 
Zor 
con 
oe 
Loy 
Boe 
29% 
Pig 


24 
a4 
a4 


24 


90 


FQ@9GS1V2 


5@ 
5Q 
Q3 
Q3 


16 
LS 
ag 
99 
BS 
BS 
76 
76 
=; 
S54 


VYacuum 


2.8 (m/s) 


Tout 
Ce.) 


(aay 
ES 
25. 
meee) 
sae 
AG 
.46 
nee 
vec 


24 
a4 
cA 
a4 
24 


24 


aan 


aA 


57 
58 
11 


8 


.@9 
Cor 
Bore 
oe 
Zo. 
Pi i 
co. 


94 
94 
B85 
BS 
61 
Be 


Ts 


Ce 


48. 
48. 
48 
48. 
48 
48 
48. 
48. 
48. 
48. 
A8 
48. 
48. 
48. 
48. 
48. 
48. 
48. 


Ts 


) 


bn | 
c 


62 


~ 


oa 4 


oo 


61 
Sats, 


a 
wd 


5 
a 


aed 
aa 


S4 


.66 


30 


> 
a 


bn | 
a 


50 
39 
nee 
72 


(C) 


48. 
48. 
48 
48 
48 
48 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
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30 
64 


=a 
.66 
a2 
,o¢ 


1] 
S7 
4] 
67 
5@ 
58 
48 
Bo 
Si! 
= 
43 


To- it 
iE) 


ol 
elie 
a9 
.B4 
seul 
ale) I 
43 
42 
28 
-28 
el? 
mela 
. 08 
.@6 
-O1 
.O1 
6 | 
sll 


0 De ee ee ae 


To-Ti 
(C) 


12 
oii 
As) ) 
60 
so 
242 


* 
a 


ce 
29 
melee 
ale 
07 
107 
Od 
.O1 
10 
10 


[ne On SS ee el ae eS | 


Tube Number: 
File Name: 
Pressure Condition: 


Steam Velocity: 
Data Vw lin 
ff (m/s ) CO 
1 Pelt 2520] 
A 106 CoO 
i 124c ae. 94 
4 1.48 peas) 
5 86 22.00 
6 1.86 Papal 
7 ones Ze ro 
8 Eee 4 22.82 
Ss fe dey Pn he! 
12 Ze 22.05 
11 28) 5) 22210 
7s Faso) S) Cat 
13 Sa50 22.68 
14 or, 22.68 
15 3.64 cess 
16 3.64 Cee 
17 eis Co fog 
18 1.16 253.40 
Tube Number: 
File Name: 


Pressure Condition: 


Steam Velocity: 
Data Vw ln 
ft (m/s) ice) 
I WS 2on46 
2 ads 23.46 
s 1.48 CoOwe 
4 1.48 OAS 
5 1.86 AS a ee 
6 1.86 25.13 
rz o.24 23.03 
8 Abe Fis ee 
S| Zo AAR Sls: 
1Q 2.61 ee. 
1! 2.993 es 
eZ ees) S| A Te | 
es Sied Payen 8, 
14 Oo 22205 
cS 3.64 Fifer toh 
16 5.64 26.00 
1 eels 23.54 
18 Pee1'G Zo. 54 


elt 


POUISIV! 


Vacium 


“~.W (m/s) 


fout 
(0) 


ee Tel ise Tol tessy Ges) Tosh) feted (rd) Leek [eal Ieel isi) [pe 


AJ Kg BO 
OTwWWwwwooaw wa a a ff Aa Oo LM 


a 


at 


FOSIStV2 


A 
» O6 
.61 
a1eh| 
we 
ys. 
4 
4 
285 
. 86 
oe 
mars 
-6@ 
60 
Oe 
25 
55) 
aa 


Vacuum 


2.0 (m/s) 


Tout 
SC.) 


25% 
oo 


24 
cA 
24 
z4 


z4 
24 


a4 


yw, 


al ee 


page a 


. 70 


ZS 


Zoe 
Fasiy 
co. 


a3 


53 


aoe 
Bee) 
Ae. 
oo 
PAS) 
24, 
. 98 
.@9 
oak 
25% 
oe 


28 


Fe 
fe 
78 


69 
45 
44 


fs 


iG 


A 


48 


48 


Ts 


60 
48. 
48. 
48. 
A8. 
48, 
48. 
48. 
iS 
48. 
48. 
AB. 
48. 
48. 
48. 
48. 
48. 


65 


4 
ca 


58 
13 
1 
a 
5)6} 


sys) 
76 
83 


4 
a 


08 
03 
11 


= 
a 


a | 


(C) 


48. 
48. 
au. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
09 
48. 
a3. 
48. 


48 


129 


oe 
35 
iz 
Q@5 
10 
42 
76 
49 
88 
1S 
82 
@9 
28 
BS 


@1 
48 
36 


fo-11 
(C) 


Sats 
ale 
.67 
ib 
42 
w4e 
24 


~*~ 
oi 


| 
sit 
oo 1s 
P| 


5 
a 


eae 
285 
a0 


ee ee ee) 


to=t4 
(C) 


“7 
a 


nao 
Sleps 
plelis. 
»42 


3] 
a 


Lo 
se 

“ahd 
lie 
AA 
-@1 


wae 


bee | 
ca 


- 865 
» 86 


ee ee ed 
J a 


Tube Number: ie 


File Name: Fed2siy) 

Pressure Condition: Vacuum 

Steam Velocity: 2.9 (m/s) 

Data Vw Tin Tout Ts Nio-7 i 
tt (m/s) (C) (C) eG) GH) 
1 6 eG, Foam is, ABe7'S 2.09 
2 1.16 gS ee | Doce (8295 FE a 
S! 1.48 22296 2A e 48.46 V3! 
4 46 Fig a Pe | Care 47.95 1.80 
5 186 Ct Od ot. 45 49.07 1,50 
6 1.86 2a008 24.44 48.28 AS irs 
7 ane4 22.82 2a ABLTS iat 
8 Bena 22,01 A 48.85 1.4@ 
S, 2-6) PLA gs 24.02 46761 sre 

12 2.61 ey | 24.02 A745 eee? 

1] 7a || 2oete 25765 48.69 eG 
12 Ah) fare ie 7g ys hTE 48.65 UG, Ws 

13 toe. 22.66 ost 48.86 1.07 

14 2 re ts Pat dare Si Page ee Ae 48.68 1.07 

Es) 3.64 22.05 eOTOe 48.55 1.@2 
16 3.64 2o.b0 29.6.0 48.69 122 

1 eb 25.49 25. 49 48.56 Falls! 
18 es) 7 Ee 25.44 48.45 2.06 

Tube Number: aa 

File Name: Pode S12 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Uw Tin Tout Ts to-Ti 
f (m/s) (Co (Cc) CG CC: 
1 1.16 25.49 oo. 48 48.49 2.98 
LV 1.16 201 Panes 48.90 2-08 
S 48 Donel 25.01 48.60 bars 
4 1.48 2oe8 25.92 48.2 ieee 
5 1.86 23.07 24.64 48.53 aoe 
6 1.86 23.07 ZA, 6A 48.46 1.57 
Z Pca fa ali: 24.38 fo. 1S Lea 
8 2.24 ee aa Aa 48.42 1.4@ 
9 2.61 Dende 24.05 AB Meee 
10 c<.6! 2eege wal sss 48.28 lve 

i 2.99 22.86 24.09 ABs Pl 
12 Fao 3/8 22-56 eo. 36 48.53 elie 

135 Ba ato Pr Fees) 23285 AG. OT 1.05 

14 ET, 22.81 23.87 48.60 1.26 

Es) S264 2e.to A ET a5 | ABS 1.20 

16 Sindee Zoe 25.76 48.55 1.00 

Ue a I Lon 6 Do. Sr Cea2o oot 
18 Poi6 25.45 25.94 48.22 2.08 
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Tube Number: 
File Name: 
Pressure Condition: 


Steam Velocity: 
Data Vw Tin 
¥ (m/s) (C) 
1 aus 2 Oa 
Zz IS) coe 
5 1.48 ecwdd 
4 1.48 22.40 
5 1785 2c804 
6 1356 ca. B84 
7 aren ewe 
8 Zaea Page hs" 
5] 2.61 Fane 6 
10 2eol CewtY 
11 Zag 2e.65 
iz oats 2266 
Nee Ge 2ewuo 
14 S57 Flay sy) 
iS 3.04 Zool 
16 3.64 Page(s), 
17 L216 23.2 
18 BAD es) 235.28 


Tube Number: 
File Name: 


Pressure Condition: 
Steam Velocity: 
Data Uw Lin 
ft (m/s) CC) 
1 ite Come 
z biG Fate Wg 3) 
a L248 goed 
A 1.48 2o.049 
5 1.86 Ceoda 
6 1.86 2eed4 
7 Mee: | 22.04 
8 eue4 22.84 
g Farle Zen 48 
12 Zao) Lene 
Lt Zo 49 Ceuas 
12 2059 Coeds 
13 5.50 22.68 
14 Seo 22765 
iS S264 2enoe 
16 3.64 22567 
17 1.16 AAON = OIE 
18 1.16 25.06 


aS 
FOSSSIVI 
Vacuum 
2.@ (m/s) 
Tout 
CC) 
Fils) 2 Als 
oor 7 
24200 
24.8! 
24.43 
24.44 
aes 
24215 
fond 
Zon oS 
23.80 
23.80 
23nG1 
Zonal 
23.69 
23.60 
Zon 3? 
fgoKpeo ts 
g3 
POs3o1V2 
Vacuum 
2.0 (m/s) 
Tout 
Co. 
(ate 
eouoG 
aes 
24.88 
es 
24.51 
2A 
Fe 
24.03 
24.@4 
20205 
25.06 
Zou ve 
Fe ar 
23.66 
25.05 
25.42 
25243 


Ts 


a OP 


48. 
48 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48 
48. 
48. 
48 
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ral 


.66 


13 
43 
des. 
ol 
og 
Zs 
47 
74 
7) 
31 
24 
She) 


- 76 


355 
11 


cb3 


head 
(C) 


et 
ee 
263 
Be fe. 
ays, 
Bele, 
40 
aS, 


~ 
ec 


26 
215 
14 
.@4 
.@4 
pele, 
aoa 
. 88 
Babe, 


hI 


3 


Te- 11 
(C) 


nod 
. @8 
. 82 
7:9 
Jo 
oo 
40 
one 
nes 
sco 
213 
14 
.@4 
95 
Sad 
oo 


ee ee 


Tube Number: G4 


File Name: FAQASIVI 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vu Tin Tout Ts eater 
ft (m/s) Ce) Ce) CE) Ce) 
J 1215 2oc04 25.54 48.42 Zone 
2 es 25504 25.55 48.62 P40 TKS | 
3 1.48 25-6 mAs yn yl) 48.3 ess 
4 1.48 235.16 25.09 48.S6 | ests IS 
5 1.86 25.01 24.69 48.33 1.68 
6 1.86 25.01 24.69 48.61 1.68 
c euea repay =\)i\ 2A 42 40-50 ea) 
8 2«e4 Zoro! 24.40 48.54 1.49 
5 230) e204 24.2¢ 48.36 ESS, 

1 261 22.05 PA PA | 48.58 1.38 

1) 2259 deste 24.05 as) 2] oe 

ez 2.99 Parana 3 | 24.05 48.46 rs 

13 3250 Fig gan a) BOS 48.30 1.20 

14 i we .t4 Zo oS 48.40 P19 

is 3.64 22 .6g 2S Ge 48.32 Pals 

16 3-64 e2eod 25.82 48.46 ey 1S) 

17 ae = 23.34 25255 AG 32 Cees 

18 1-16 25.354 YS Asis Wes lve Doe 

Tube Number: 94 

File Name: FQ94S51V2 

Pressure Conditton: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vw Tin Tout Ts to-ti 
tt (m/s) Ce cc) CED (OLE) 
! 1216 Pb eo | Asie | 48 .60 Fee 4) 
Pe 1G Po) Meo wn) 48.45 Pee Ue | 
3 1.48 25. 11 25.05 48.29 Pe) 
4 1.48 e501 Tale) 48.36 [e353 
5 1.86 22.95 24.63 48.62 1.68 
6 1.86 ZnS 24.63 48.35 1.67 
4 Pipe 2o.05 24.34 48.S8 159 
8 Paps fee 22.85 2A..35 48.2 eo 
9 2.61 22.16 24.13 49.55 boo 

10 2. un 22.76 Pa 48.38 9 

ie apes! 6, 22.68 25.96 48.62 aA 

hz 2.499 @eeou Byes | 3) 48.33 128 

ES: Seow 2e<8c 2a. Gl 48.46 a Gs. 

14 S258 2c sme Coed 48.48 hes 

1S 3.64 2ce.5g Lone 48.34 1.13 

16 3.64 Ta Pls Pie Pail ag. 32 1.14 

igs 1.16 POE: 1 25045 48.2 Fars | 

18 1216 Pago P44 / 25.46 48.48 Zale 


Tube Number: 
File Name: 
Pressure Condition: 


Steam Velocity: 
Data Vw Tin 
t (m/s) cc) 
j 13216 Paya 
a as) 22553 
S. 1.48 be. 4 
4 1.48 Levis 
5 1286 22.62 
6 els 22.61 
7 2.c4 22.50 
B Zeek ZLe51 
a 2b 2245 
10 2.62 Conte 
11 Rapes |<) £2258 
Pi Bags Bl. 00 
13 Se mes OS 
14 S200 22 woo 
1S 3.64 2a. 50 
16 A564 ZC. 
Ly eG Papa Pieo\e) 
18 1.16 APRS fT) 


Tube Number: 
File Name: 


Pressure Condition: 
Steam Velocity: 
Data Vw Tin 
# (m/s) CG.) 
1 eG Coe at 
2 ie i6 22.96 
&. 1.48 Coeur 
4 1.48 Beet 
S 1.86 ZC 2be 
6 1.86 Fate BW 
24 mee 6 Ceeol 
B ene8 22.451 
g 2.52 eed 3 
10 2.62 Pia NG 
11 Gago FPL OG 
Bs 2204 PLP Aa | 
13 Sa Zeeoe 
14 Boos 22.51 
iS 3.54 22.20 
16 S264 Zoe 
17 1.16 Zo..46 
18 1.16 22.96 


95 


Pagao lI 


Yacuum 


* 


ha FI PP 


ut UT WG 


a5 


FQ@95S51V2 


anaes) 


Yacuum 


2.@ (m/s) 


out 
CG.) 


A= 
252 
ee 
24. 
24. 
- 36 
.O5 
24. 
ZO; 
Pela 
.66 
Zo. 
Age 
Zo 
ae 
Zoe 
2o. 
Coe 


a4 


2A 
2A 


Zo 


18 
17 


Ue 
36 


Q6 
BA 
8S 


67 
5c 
Sc 
42 
43 
18 
18 


Ts 


(C) 


46: 
48. 
48. 
48. 
48. 
AB. 
48. 
48. 
48. 
48 
48. 
48. 
a6. 
48. 
48. 
48. 
48. 
48. 
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41 
Q7 
47 
68 
17 
9 
“1 
B1 
36 


55 


2) 
c 


1; 


5 
i. 


70 
7Q 
58 
13 
73 


lo- ii 
i OD) 


cs | 
ei 


aa | 
aS 
Bis )s) 


+ 
4 


1 
woo 
54 
Se | 
41 
a0) 
ey | 
20 
-21 
eS 
els 


R 
e & 


5 (4): 


TNO DO ee 


lees 
CC) 


ee 


cn 
o & 


me, 
3 
mes, 
7A 
sot 
“ao 
41 
41 
. 30 
» 32 
22 
.cl 
«tS 
=o 
Na 
we 


Ry PJ 


NO 


Tube Number: 
File Name: 


Pressure Condition: 
Steam Velocity: 
Data Vw Tin 
g (m/5) (C) 
{ Ns 2@.85 
2 jee UT 2@.85 
3 {243 29.65 
4 1.49 2@.65 
5 Ns Fe 22.48 
6 Pee? 2@.48 
ti Fle eh CO eon 
8 Ae Ass 20550 
9g 2.63 2@.29 
10 Pia eo" 20.2 
1a 3.@@ 22.2 
2 3.@@ 20m ce 
[3 ke i 3 2@.17 
14 S250 2@.17 
ES 3.65 20.14 
16 3.65 2@.13 
Tube Number: 
File Name: 
Pressure Conditton: 
Steam Velocity: 
Data Vw Tin 
t (m/s) CCD 
l 1.16 Pay Oe! 
2 1.16 21.20 
3 1.49 20.98 
4 1.49 2@.98 
5 1.87 28.81 
6 1267 20.01 
7 fares: 20.69 
8 eee 20.69 
3 2ebe 20.59 
1@ 3.2 20251 
lt 3.@@ 29.52 
12 oaoe 20.44 
1 S50 2.44 
14 S254 20.42 
ES SS 22.40 
16 1.16 cil 


9@ 

FOSOSINI 

Atmospheric 

1.0 (m/s) 
Tout Ts 

CC) 1 Oe 

PALS ia Pe 102.01 
28.45 100.2 


et. oU S925 
CT Eo Jg265 
Zo. 3) g928S 
oboe 99°. 96 
eo G4 992.98 
ide oy) 99.91 


Fare it 100.@1 
25.09 100.@4 
24.60 100.@S 
ZAC SG 100.3 
24.27 100.80 


24.26 995.93 
24.83 Soede 
24.04 997.99 


o4 
POGISIA! 
Atmospheric 
1.@ (m/s) 
Tout Ts 
CG) CC) 
28.e5 10@.@S 


28.26 pire Fak be 
27.07 ehelaisit4 
20aue go. 97 


2O.12 102.00 
e614 100.87 
25.15 99°99 
ARE re Nee) 100.01 


2469 99.96 
24.46 is hs [eats Be 
24.48 1GG 232 
Ave od). 94 
24.11 gd. 92 
25.89 99.62 
2o.80 o9 75 
28.20 a sd 
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To-Ti 


WWearPrearaer UMW OMM ~ ~J 


Ol) 


aoe 
-62 
aes) 
Al sid 
53 
83 


2) 


id ») 
a fas. 
.8@ 
70. 
ot 
a) 
= 
- 92 
pel 


To-Tt 


JWwOW OW Oo me @ 2S oO Utomo 4) lA 


cc} 


ibs) 
.@6 
509 
.@9 
sol 
3A 
fo 
aa 
0 
Brel s 
Se | 
67 
ty 
230 
Ad 
Og 


Tube Number: ae 


File Name: POSz251 1 

Pressure Conditton: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Vw Tin Tout Ts Lo-t4i 
tt (m/s) cc) CC) CE ot 
1 1.16 c@.B4 27.00 39707 7.86 
Z els 20.84 PTs 99256 7.09 
&) 1493 20.64 Aas ed ed ood Sal 
4 1.49 20.64 Zor a 397500 G15 
5 1267 2.48 25707 100.@1 38 
6 [BZ 20.48 PAS si 100.12 eo 
7 te ZOO. Sie es | Shel. 3% a 8 
8 Cee 20257 25720 10@.@3 4.84 
g 2260 20 ke BAO Soe Ac oe 

10 SES Sine) 20-23 Sao go704 AS o 

1 3.00 EO see FN ah 100.01 4.@@ 

12 3.@0 2032 24424 100.18 a20. 

13 oye Sie! 20.17 MB Site! 102.01 Ge7 1 

14 S250 20217. Doel 100.@1 oer) 

1S S265 20.14 23.68 9874 1 oe o4 

16 Eyelets 20.13 25.58 good Seo 

Tube Number: 93 

File Name: FOS3SIAI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vw Tin Tout Ts leati 
t (m/s) CG) (G6) CC) CE) 
1 eG 20.71 28.06 a9 .o6 (es 
e 1.16 20.71 28.09 S970 v5] 
3 ao Oman eh.64 She nS ff Be 
4 1.45 20.52 26.84 10@.03 Gee 
5 1.87 20.3 @on 04 100.03 5.56 
6 beov E056 2ons4 100.05 ao 
i AAS 20.28 al aia 100.01 4.96 
8 2.29 20.28 Cone 100.08 4557 
3 | 22505 ara | easa4 39285 AN Sy, 

10 2.00 2O.e Ceo sae 04 45500 

11 3.@@ 20.16 ef. 3e 100.@5 AT 

12 3.@0 2@.16 24.55 10@.@2 4.17 

13 S200 coe 25-955 S9.95 S204 

14 3255 20.11 oo 46 228 fy 3.85 

1S ir ss 20.07 Zoe Sono 3.64 

16 5.65 20.07 25.71 $9.92 3.64 

17 1.16 ZO nrG 28.15 10@.11 Fee 

18 1.16 20.78 207116 10@.13 %.50 


135 


Tube Number: g4 


File Name: FOS4SIAI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vu Tin Tout Ts Tloe-Ti 
tt (m/s) (CG) 108) CG) (C) 
1 fe 16 Ca iG 20°54 120.08 W250 
2 1.16 21-26 eo .595 100.10 Laa9 
= 1.49 20.55 Pag et sis 85 6.38 
4 1.49 20.93 Ray Res 95.90 6.38 
5 1287 20.77 Fal eed 99.91 5.60 
6 Be sire 20.77 Alsi ee fi S991 5.62 
7 Pa Ss 20-65 2S .b8 99.97 Ph 
8 2.2g 20.65 29-66 100.10 5.03 
g ae oP 22.56 25.172 102.82 4.56 

10 2.6 22.56 Paes hes) \' else 38) 4.56 

i 3.80 20.49 24 G7 10@.09 A.17 

liz 3.60 20.49 24.66 100.13 en Was 

13 S200 2@.44 24.31 sisi. S]5 3.88 

14 o.3O0 20.43 Fal Page B | ooray S08 

{5 3955'S 22.40 24.07 S404 3.67 

16 2.09 <8. 4@ 24.08 102.07 3.69 

ae, E16 2!.@g 28.50 100.10 7 4i 

18 1216 20d 28.49 100.04 740 

Tube Number: Shs) 

File Name: FAa9SSIAI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vig lin Tout Ts To-Ti 
f (m/s) CC LO) CC) CC) 
es) 20-09 Ae AS 190.05 7.46 
c 16 <@.90 26.37 oo 257 Goad 
3 1.49 20.70 a7 19 wae 6.49 
4 1.49 20.71 Ciccl 100.09 6.50 
5 Lean 20.57 fal Spee 4 100.21 Si (ee 
6 1a 2@.56 26.6 Shs. 5 lq =e ae 
7 Pag 725 2.46 ANS SIS 99.86 5.09 
8 2225 20.46 25. 56 100.3 Sal 
5] 2.62 20.39 25.02 100.03 4.63 

10 2.62 20-50 PS Sis 2 3/6 4.64 

1} 3.02 20.33 24.59 Soo5 4.26 

liz 3.@@ 20.33 24.60 Sooo 4.26 

Ve) 33a6 2@.28 24e2 1 s}s03. 8) Gis fe) 

14 356 EG eoo Pad AP 100.@S a4 

1S 3259 20.2 24.00 190.08 6) 5 ffs) 

16 aye 5) 20.26 24.20 100.10 S74 

17 1.16 20 OF, 28.44 10@.@1 qa 

18 aa 20.99 28.44 shsla Slt! 7.45 
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Tube Number: 86 


File Name: FUGES1V 1 

Pressure Condition: Vacuum 

Steam Velocity: aia Ss) 

Data Vu Tin lout Ts toal 4 
tt (m/s) CG2 (C} CC. (Cd 
1 106 2189 24.08 48.66 Aeon (es 
4 P16 2leog 24.08 AB. 79 FNS ies 
5) 1.49 Fes) 8] eo.59 ABzaS eo 
4 P49 Zigee 23.59 AG es | 
5 Pegs PAAR S98 eS .c0 48.68 le67 
6 1.86 Fag) Mises (72 Zoal9 48.30 1 by. 
7 Cee 21.41 2.64 48.67 1.48 
8 ao 21.41 22.89 48.64 1.48 
5 267 Fah rea, 22,68 48.74 55 

10 Boa | ss a OES AS aay 8) 48.70 eo 

et 3.00 Paes ras oe. 50 48.70 ee a) 

he 3.900 alee gt 22.50 48.20 lee 

3 Se Z\ct USS AG. 2 1.14 

14 Bie 25. Pas Oras | Ceea4 48.29 Pals 

15 2265 Zee Beals 48.56 aay 

16 3.65 ag ieee let 22.25 48.20 1.06 

17 1.6 cleiee 24.07 ABS 2.19 

18 1-16 2ince 24.07 4Bizc AM Fl" 

Tube Number: 86 

File Name: FOBESIAI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vu Tin Tout Ts [rer [5 
tt (m/s) CG.) eC) CCD (C) 
! Pas) ele oo 29-01 190.09 7.48 
2 1.16 Pion 2us02 S4267 1.49 
3 1.49 2 Se Pat ios 21) 100.@1 6.55 
4 1.49 Pd rice Ie 27.88 10@@.@6 6.56 
S 1.87 z lee Boro. 99.82 Si 7 
6 187 2 lao Rel es ie 8) 3)e18)1 SoG 
7 oacn 21.05 Ps Ae 100.04 Se 
8 pera: | 21,05 2602 3h) 3) Sais 
Ss) ZaGe 20.96 co. ae S987 4.74 

10 2.bZ c@.96 25.70 5 Melt 4.73 

11 3.02 20.89 25.¢ 99.82 4.37 

|e 3.90 29.89 25720 Shehes)| 4.36 

i) S206 20.84 24.90 100.04 4.06 

14 S268 20.84 24.90 99..47 4.06 

1S 3.65 20.81 24.67 100.07 Bace 

16 3.65 20.81 24567 100.08 S207 

17 6 Ze 61 29.06 SIS) 7% 7.55 

18 eS Ws 21.51 29.05 100.03 7255 


oF 


Tube Number: 


File Name: 
Pressure Condition: 
Steam Velocity: 


Data 


woanrNnnwm a OA = 


12 


Tube Number: 


Vw 


(m/s) 


= = CF GW OI GW LJ G1! BO AD AY ND oe Re Oe oe 


GS 
16 
49 
49 
87 
a7 
24 
c4 
ibe 
oe 
08 
. 80 
08 
30 
159 
Aleis: 
te 
=16 


File Name: 
Pressure Condition: 
Steam Velocity: 


Data 


t 


wan on Ut em WA] = 


Uw 


(m/s) 


—_—_—= m & LJ OW OF WN Oy OF 82 Ne me ee 


216 
216 
49 
49 
s97 
ai 
ol 
| 
.0@ 
- @Q 
43 
43 
-86 
; 86 
. 42 
40 
ls 
16 


Tin 
CC) 


Me 
Ze 
Zleas 


Sp 
oH 


31 


ag 


Zale 
Ae 
04 
04 


1 


21 


cQ. 
20. 
2Q. 
2Q. 
cu. 
<Q. 
20. 
rae 
Soi 
no 


fay | 


21 


1S 
LS 


96 
96 
89 
88 
83 
83 
82 
BO 


BB 


FOBESIA2 


Atmospheric 


1.0 (m/s) 


Tout 
(C) 


06 


FOOBS1V1 


Vacuum 


2.0 (m/s) 


Tout 
(C) 


24 
24 


“~ 


2 NI AQ fs 


f 


Siend| 
.60 
a4. 
ade 
miley 
-61 
28 
Aes 
eo 
3 
. 86 
. 86 


13 


Ts 


(C) 


Ebel 
10. 
100. 
100. 

oor. 

Ja. 


99 


1@0 
100 


Ts 


a7 
03 
@6 
09 
33 
98 


.88 
99: 
10Q. 
= hs 


91 
ibs 
a3 


OS 
509 
ade 
ole 
99. 
siele 
100. 
ga 


a7 
87 


= 
& 


a5 
Q1 
85 


(C) 


48 


48 


48 


48 


138 


oO 
48. 
48. 
48. 
48. 
48. 
48. 


48 
36 
AQ 
4Q 
47 
20) 


-o4 
04 
48. 
A8. 
48. 
48. 
48. 


48 
4Q 
oo 
31 
40 


0 
48. 
48. 
48. 


48 
AS 
G4 


To-Ti 
(CO) 


od 
vee 
SS 
soo 
. 84 
84 
ee? 
eal 


i | 
a& 


col 
»43 


42 


5 
(S 


Lom | 
ic 


. 90 
eo! 
.61 
alo 


JJ wWwarartrtrar Mm wmuuwoada sj vj 


To-Ti 
CG 


.56 
wo4 


2 | 
e G& 


ee 
c hn 


aol 
90 
-o9 
.68 
oer 
sod 
Ses 
A | 
peg 


ae | 
eo & 


a, 
id 
75.5 
soo 


FO eS re a ne 


Tube Number: 06 


File Name: FOOES1V2 

Pressure Condition: Vacuum 

Steam Velocity: <c.M (m/s) 

Data Uw fin Tout Is fe-Ti 
it (m/s ) (Cy (C) (C) (C) 
1 1.16 Pe Poy |.) Fags ae a | 48.55 FONE 
2 1.16 22a ean | 48.44 Tapeh 
5 ss. oie? 24.20 A235 Cane 
4 145 21296 eae | 48.51 Cee 
5 1.97 ol.78 25.59 a8. A3 5 AES | 
6 ay 21% 2st Zones 48.39 | aPaes 
a Pap s)| PlebS 25.50 48.48 1.67 
8 oe 21565 a GSS | 48.34 1.68 
g 3.@@ Aol Sis) ee 48.37 asia 

1@ 3.@0 21.95 25.07 48.46 HeSZ 

11 WAS Lied 22.88 48.37 sos 

12 3.45 lees o Bena? 48.40 138 

1S 3.86 Zina Piha ie as. 45 eee 

14 3266 Ze a4 Cea 46..595 fezs 

Us) 4.49 Aas ees, Peeog 48.45 pes 

16 4.4@ £1559 Aura isis) 48.44 beac? 

7 es 22516 en tl 48.43 Aes 

18 1.16 226 fia eel ses 48.51 2.54 

Tube Number: 96 

File Name: FQO96S1V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Uw en Tout Ts To=1i 
| (m/s) CE) ce) CG) CG) 
1 16 few Psy) 48.43 age a 
Fi 16 Par TAS 25.14 48.42 2250 
3 P48 22.56 24.65 48.48 2209 
4 1.48 Cena 24.65 48.49 z.693 
5 lead Ze2oe ea. 16 48.34 1.8@ 
6 Pe sslt 22-50 24.18 48.54 1.81 
7 Tae S| fenced 23.82 48.41 1.58 
8 2.51 2ca24 ER a 9 48.54 od 
9 Zaod Leas Zoe (ol pee ies) 1.43 

1Q Pm pe | ZL eho faa SH 48.38 |. WP 

ile 2243 22.08 23.40 48.34 Leo2c 
eZ 3243 Pavan ets} 25.40 46756 Lie 

13 SeuG Lees Couc4 48.42 | 

14 5256 22205 Pe 4 48.58 je 

15 4.4@ PB sit 20.08 AB oe eel 

16 4.40 21.36 ZoeUe 48.38 1.11 

a4 lis 22200 25.07 48.51 Faron, 

18 1.16 Zoe 25.07 46.59 C20 
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Jube Number: 

file Name 

Preeanuce Vondition 
Steam Vetouily 


Data Vw lan 
if (m/s) (G) 
1 1. so le 
a lL. U8 az.67 
5 1.40 ena, ane 
4 1.48 ue Mj 
fy 1. od ca. ee 
f; 1.3? as ll 
7 2.31 eee ES 
Q eS! ee Lae 
gj a.09 Age hy 

10 a. 99 aa.@7 

1! .. 10 2. @0 
e 5.43 ec. OO 

i) 3.8b a! 2 

14 » 66 21.93 

1% 4.40 21.88 

1b 4.40 21.88 

17 L. 18 P2.65 

10 1.16 22.63 


lube Number: 

file Name 

Pressure Condition: 
Steam Velocity: 


Dota Vw Vin 
f (m/s) CC 
I 1.16 21.69 
ny 1.16 <1.69 
A 1.49 ai1.4a% 
4 1.49 r1.49 
G l ter 21.3 
b 1.97 Fi .3¢@ 
¢ e.51 21.17 
8 E . asl ae, 
<| 3.00 <1.89 
10 3.00 e1.@a9 
Lt 3.43 21.@3 
12 3.453 al .@S 
13 5.67 2®.98 
14 3.97 28.98 
1S 4.41 20.93 
16 $.41 2.93 
17 1.16 eh. 7 
18 Lvs 21.7@ 


Nip) 


PONHSITYS 


Vacuum 


*.@ (m/s) 


Tout 
(tC) 


> 


m5 Pd 82 82 Pd fo 73 


UT tO OO 


Oh 


FOOBSIAL 


05 
06 
. ao 
oof 
OD 
08 
-> 
uh 
06 
Sl 
oS 
58 
ei? 
17 
01 
00 
00 
O00 


Almospheric 


1.0 (m/s) 


Jout 
Cte) 
29.90 
29 Gl 
<8.68 
28.68 
77.45 
=. 4g 
<6 .50 
£6.52 
=). on 
#5 .9S 
a . 5) 
5.52 
Eo. |4 
a . ed 
2@.75 
£A.7S 
23.98 
29. 98 


Is 


(C) 


1@0. 
a9 
99 

100, 
a8. 
ea. 
a8. 
a. 

100, 
— 

100 

100. 
94. 
a. 
3. 
wigs 
a. 

100. 


140 


11 


a8 
83 


09 
AG 
n9 


~ 
( 


q9 
®S 


86 


05 


03 
87 
34 
31 
30 
96 
O06 


—_ 
e 


& 2 UunNnagayn moo 


m™DMWWwWwinio ee ea 


—_— mm OPI 
tS tm te 


t cml 
—— 


Tube Number: @6 


File Name: FOOGSIA2 

Pressure Condition: Atmospheric 

Steam Velocity: fee im7s) 

Data Vw Tin Poul Is Vo—l4 
t (m/s) CC) CE.) CC) CE7 
i 1.16 Ae ea) 20.00 Is hee has |e B51 
2 1206 Pe e's gd i 39262 SER ee | 
% os es] A eo costa 190.90 ack 
4 ead 21.50 26.79 100.15 Vee 
S 1.97 Cilvasel Aaiae Ss) 190.00 Gace 
6 Per siz 2iaSl Pod (enn 10@.@4 brea 
7 2.51 2hate 26.64 6/3) 85 a S.46 
8 251 Polls 26.64 100.14 S247 
te) 3.@@ 21.09 26.02 997,96 Less iy 

10 3.0@ 71-04 26.01 100.07 4.92 

11 Ges 216.05 Asya si8, 95209 4.56 

ee 3.43 2305 25.60 100.10 4.56 
3 SuO7 2@.98 Zo.20 10@.@6 Ai 2s 

14 Sd 2@.98 pomew ae! 422 

15 4.4] 20.95 24,6! 100.01 3.80 

16 4.41 202935 24.82 100.06 Be oS 

17 1.16 21.70 2.38 10@.12 Bac 

18 1.16 21.70 29. 98 100.18 Bees 

Tube tlumber: 96 

File Name: FO@SESIAI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Uw Tin Tout T5 roe 
tt (m/s) CGX CC) (C) (C) 
1 a is 2a. O4 Pigs aa is) So. 87 Woe 
2 PG 22.04 Coed 10@0.@6 ey 
5 1.49 al.Ba 2be64 Bae ol Bo77 
4 1.49 Pa Wr sha 20 ..b2 10@.@6 Ga 
5 es We cl.67 2t.5g 2b leas Fly B07 
6 Peeedie 21267 AW RSS: Shs) S|) Sao 
a Aas) 21.54 20.00 99.89 S215 
8 caou 2 oa Zb,05 100.@@ De lS 
9 3.@@ CLEA Coal 120.95 4.71 

1@ 3.a@ 21-47 26.19 100.07 42 

11 my ieee 2500 Sis). She 4.37 

ba 3.43 21.42 Ais ara (ae vane Aor, 

13 3256 2156 25.45 100.01 4.07 
14 3206 2le50 25.45 99-08 4.@8 

£5 4.4Q Pag Wee Ie) 20.09 99.87 Oeelan 

16 4.4@ Zle33 gl i Fs) Shsh. 121% ere Ail 

17 Jha ie) 22-09 25.6 100.07 Vare 
18 1.16 ad 545 | 24501 100.07 Ce 
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Tube Number: 


File Name: 
Pressure 
Steam Velocity: 


Data 


f 


gQg cor nua olny — 


— 
— 


__ 
fh 


ee ee 
conwrton ula OJ 


Tube fthimber: 


Conditton: 


Uw 


(m/s) 


— &» 2» OE OF oy GI OJ OF RQ BD mee me ee te te ee 


216 
= 6 
“49 
83 
ooy 
cats 
sok 
51 
00 
. 82 
3) 
43 
.86 
. 86 
40 
40 
oe 
]. 


16 


File Name: 
Pressure Condition: 
Steam Velocity: 


Data 


sf 


— 
=—sSwmoonrwdson ut a Why = 


bm 
Lae | 


ee el 
conrt nn ua O 


Uw 


(m/s) 


—e & D&O Cv OO WO OF OF RX NN = = = 


ait 
216 
48 
48 
ait 
war 
aoa 
Se) 
20 
. 28 


Tin 
CC} 


Tin 


oO 


J na NO ng AJ RD BI fo NM AQ PU 


—— oe FY PI AQ OI AI BI AD PO 


a 


wows & 
Oj e — — 


a 
co Ww 


iN 


me Of 
CS me 


bo 
OJ 


co ® 
~j] @ 


tJ 


ae) 


mean 
— ( ~J sJ 


96 


POSE SINZ 


Atmospheric 


1.@ (m/s) 


83 


FQ83S1V1 


Vacuum 


2.0 (m/s) 
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fo={ i 
CC) 


Yar e 
7.74 
6.76 
6.76 
5.03 
5-82 
a4 
S. 15 
4.70 
4°69 
4.354 
4.34 
4.03 
4.04 
S241 
ont 1 
7.19 
te oS 


To-Ti 
(C) 


") 
ce 


5 1 
aol 
ed 
a) 
.@1 
275 
aco 
62 
-6@ 
.48 
48 
so 
ao 7 
-26 
aab 
oo 
.66 


Pe ee eee eee ee ee PION PO ON 


Tube Number: 83 


File Name: FAOBSSIV2 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (ni/s) 

Data Vw [ian Tout Ts los tt 
tt (m/s) Cc) ‘t) (C) (C) 
1 e656 22250 25504 AG.29 2.590 
Z 16 Z2e.56 TAS a 48.53 AL Asi S| 
3 1.48 Tipe Ws 24.78 AB .53 gS) 
4 1.48 ApS es: Vales) A8B.S2 Pa 
5 eo? Fae 7s) enie AB.2 eaWe 
3) sl Zoe ae ea AG S72 Pe 
i AS) ee wl Eo. OG 48.43 1.78 
8 Ages | Z2-10 23.598 48.47 lie Ss 
5 3.@Q Crue £4.64 46.51 ieee 

1Q ssh, 22.05 23.65 48.62 hee. 2 

11 ore OE) Pes 20-46 48.59 1.48 
Aa 3.43 21.48 Zona] 48.38 1.48 

13 3.86 eleds Zoe oo AG{ S52 lag oie 

14 3.86 21.95 ewe 48.56 1.38 

1S 4.4Q 21.90 25.16 48.56 1.26 

16 4.4@ PSU Asp Co elee 48.41 ez 

7 Leas 22-67 FS pe 48.49 2.66 

18 Vees Zee C5455 48.50 2.07 

Tube Number: B3 

File Name: FO8B3SIAIL 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Vw Tin Tout ts io- Ts 
t (m/s) CC) ‘C) CC? CC) 
l 16 Fa Ara sid | Bia shs, lols My 6.55 
c ESS Zea 3@.98 lis] oisis, Seo 
3 49 Cee 29.10 332536 weed 
4 {.49 22.45 29.71 100.02 Gece 
5 Is Sly Cove 28.48 Shalasei beco 
6 ides Wd Zee 20.48 100.200 Gaz 
fi 7 Sil oe Ziebe Son 96 5.48 
8 PS 22h 4 ay) meee S13) 8 ois) 5.48 
3 3.9@ 2207 27.@4 1020.02 4.97 

1 3.00 PP UY 27.04 94.95 aaa 

11 BAS Py a 1 Basins) 109%.A2 A254 

ie 54 Be.Oe 26201 SI is. 4.59 

13 3.86 21.98 Pu Sy eS) SiR. 3/5 ASL 

14 3.86 2b 98 26.29 late sis 4227 

15 4.40 21.94 rls 815) $9..959 Soo 

16 4.4Q gi d4 25.86 Sele she 3292 

iF Wels Zor o1.0 1 wo he eae Sao 

18 | a 6 eon 4 100.14 Boe 


143 


Tube Number: 83 


File Name: FABSSIAZ 

Pressure Condition: Atmospheric 

Steam Velocity: 1.9 (m/s) 

Data Uw Tin Tout Ts fo- 11 
tt (m/s) (C) cc) ce) (GC) 
i iei6 22574 531.10 100.02 B2sG 
Pe ee G AP et i 51.09 192.Q1 Be55 
3 1.48 A Sie. 29.861 19@.82 med 
4 1.48 22.54 29.80 100.03 Tee 
5 eee, e565 2o.G8 Sheesh Gieoe 
6 noe Zoo G 28.66 $9.96 6.30 
¢ ie) eo 27.76 100.@1 3) pS 
8 Ze ALR Pas 27.15 See a6 S250 
g 3.@0 Ze2.4 7 OOS 99.89 4.99 

12 3.00 Ce. US ee | 99.94 4.97 

i Boag Cetus 26.70 100.00 a oe 

ie S435 22.08 26.70 10@.1@ A262 

{3 3.86 22.03 mar oe 99.97 dene 

14 S.c6 22.03 26 Oe 99792 Ae 

iS 4.42 cleo ee Se Bo707 3.94 

16 4.42 ele o8 bo. de 99.88 S294 

lee Wee 2015 51.08 190.@2 Brea 

18 Pe16 Pee Sy le 100.03 SEARO | 
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Tube Number: 88 


File Name: SO@BBSOV3 

Prassure Condition: Vacuum 

Steam Velocity: 2.@ (m/s) 

Data Vw Tin lout Is loot 
% (m/s) (C) (C) CC) al Ose 
1 ) se Loe67 eed 49.51 aol 
2 Lele 19286 Ful AE Bs 48.56 Leo 
3 es) 19565 20.81 48.31 i. 16 
4 1.87 19.49 20.50 48.58 1.01 
5 1.87 1924S 20.49 48.72 1.91 
6 2ee5 19.38 2026 AB .31 . 90 
Fi 2225 139.38 20529 48.40 99 
B 2.65 19230 2-@.12 48.32 .82 
g 2s035 13.39 70.11 48.49 .80 

10 3.@1 19.24 Juba ls 48.58 ee 

11 3.01 hoeea AS ats 48.54 SS 

12 3.39 1995 13786 48.54 Fa” 

13 Ange S| 1973 Poeos 407735 . 66 

14 Be 88 19.16 JVs Fi 48.54 .63 

15 6.665 19.16 Poe79 18.35 «63 

16 ety 19.86 21.18 48.56 e353 

Tube Number: 88 

File Name: S@BBS@AZ 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vu Tin Tout Ts 1o= 14 
¥ (m/s) (C) tC) CG) CE) 
| ae 192835 Conde 100.04 SUAS 
2 [Ee le, 19.62 A a 39.398 3.79 
5 Pag 19.4Q 22.609 39.94 Sea 
4 1.49 13ec3 22.63 99.80 $224 
5 1.87 19222 22.00 100.9 PEF Gs! 
6 1.87 19522 A | q9°.57 279 
7 BES 1928 ZA a4 Sislespl Pil 
8 fd OLS 19.03 ESVES S31 102.20 2.44 
3 Ale ee 19.@1 21.19 35-48 ola 

12 e265 19.Q@1 21.19 33.92 2-10 

11 3.@1 18.94 20.42 59°35 1.98 

12 3.@1 18594 Pasty Bn i Bhai S | | ans: 

| S259 18.89 2@.72 939.88 Wes 

14 S09 18-89 20.69 aoe oe 1.80 

1S Sei) 18.86 20255 ag 34 I-65 

16 S265 18.86 20.54 SIS B36] 1.69 

17 es Re 13-358 Pie Fae Some 7 3.82 

18 1.17 [S758 Zoe00 93501 3.82 
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Tube Number: 01 


File Name: SO01SAV2 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vu Tin Tout Ts le Tt 
f (m/s) CG) (C) (C) CG) 
j 4.41 13.52 2@.09 48.48 ,o8 
2 4.4] L750 720.08 48.50 ou 
3 Sor 19.46 20.10 48.35 .64 
4 Sec? 19.44 20.08 48.32 .64 
5 3.44 19358 <0.@6 48.47 68 
6 3.44 i ee a 2@.@6 ls AS) si .69 
{i 53.01 19.34 20.10 48.40 76 
8 3.@1 1h re 2<®@.10 48.34 5 at 
S ey 13.56 202 48.39 209 

1@ PS ASW Loo 6 <@.2 48.49 .B85 

11 [298 19.46 29.45 48.50 sod 

12 98 19.46 20.44 48.45 sls! 

iN) 149 19.64 20.75 48.45 ea | 

14 4s 19.65 2@.74 48.42 1.10 

1S el? 19.84 26.09 48.46 lee 

16 ee 72 19.84 ve re) 48.40 i2b 

Tube Number: Q1 

File Name: SOB1S@AZ 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Vw Tin Tout Ts loti 
t (m/s) (C) CG) 0) (Ci 
| a ere 19.78 2on16 100.02 S200 
Z Ea ers 19.78 25.81 sls) 2) 4.02 
5 1.49 139.56 eed 100.01 ee Pe 
4 1.49 19256 22.06 Shales 0 ae | 
] 38 Us Ree Fis a Wa S| Bias 2.80 
6 Wes Is: L327 Are US 19.69 2.82 
v4 Ceoe Ee Pare cl.62 100.01 CAPO 
8 Pe Ss baie 263 99.398 2.40 
S| 5.201 ies ee es: Phe ee 8, elses! eles 

1@ B50) Lae Zio 100.00 2.14 

int 3.44 19.18 Pia) WS: 100.80 1.94 

12 3.44 19.10 21.@6 100.01 }. 36 

13 3.88 19205 2@.86 39.92 1.80 

14 3.88 19.05 20.85 95,30 1.80 

is) 4.42 19.00 2@.63 93.89 I.63 

16 4.42 19.@@ 20.08 99.86 t. 63 

17 tol? 19.76 23.66 33.95 SB. ad 

18 Vers Tae, 19.76 23.68 100.04 3.52 
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Tube Number: 


Fite Name: 


Pressure Condition: 
Steam Velocity: 


Data Vw 
(m/s) 
j 1.16 
2 1.16 
g 1.49 
4 t.49 
5 eae 
6 Ge Shi 
7 Als)! 
8 cron 
5 3.@@ 

i@ 3.@@ 

11 343 

{2 Sas 

13 53.87 

14 Saag 

15 4.41 

16 4.41 

1y/ 1.16 

i8 1.16 


Tube Number: 


Fite Name: 


Tin 
(C ) 


olan 
aT 
Bell, 
ead 
. 8@ 
8 
og 
68 
-6! 
Ale 
moh 
ou 
oo 
oo 
P| 
49 
24 


ea 


Pressure Condition: 
Steam Velocity: 


Data Vu 
(m/s) 
j a6 
c 1.16 
i Pe S| 
4 149 
5 Loi 
6 ares 
7 Aes! 
8 Zool 
S) 3.@@ 

1@ 3.80 

11 5.45 

ee BRS) 

ES) 3.86 

14 3.86 

1S 4.40 

16 4.480 

she 1G 

18 ee Vs: 


Tin 
CG? 


ty id 
eel 


49 
1.48 
else o 


Aa 
oS 
2S 
.@8 
. 08 
.@1 
80 
235 
|) 
-88 
88 
SoU 
58 


89 


S@B9ISBV2 


Vacuum 


2.8 (m/s) 


Tout 
CC) 


me oe KJ AQ BQ PI 


PI RO NI fo FI Mm A 


89 


SQ@83950V5 


49 
49 
14 
Ras 
eG2 
= 3) 
Alok! 
7 
. 42 
- 42 
weg 
. 32 
22 
a 
al 
eel 
54 
as) 


VYacuum 


2.8 (m/s) 


Tout 
CO) 


Rh) MJ AQ NI PQ AD AQ BJ AO PO AR N fl PI BS RO 
pmo ee ee eee PO NI ND ON 


NJ FJ 
NJ KO 


-@t 
1 
{69 
64 
. 38 
. 30 
A035 
83 
oo 7 
a: 
Rete 
74 
AL sje) 
ye 
49 
49 
00 
260 


Ts 


(C) 


48 


48 


48 


Ts 


58 
48. 
48. 
48. 
48. 
sof 
48. 
250 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 


44 
ote] 
48 
AA 


ot 


49 
42 
48 
el 


~ 
4 


58 
48 
56 
24 


eis 


(C) 


48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
48. 
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To-Ti 
CG) 


Bb 
a 


oe 
7 
mee: 
.@1 


‘= } 
e a 


2bd 
. 88 
aes) 
5 fe) 


= 
e & 


ae 
.68 
.68 


“ 
a 


bie 


e 


To-Ti 
cGy) 


fi)! 
50 
6 
-16 
-@1 
oon 
.88 
.88 
Sie) 
ed 
at, 
SEAS) 
68 
68 
ol 
s{a) 
feed 
1.30 


ee ee one 


Tube Number: 74 


File Name: FO74S0V1 

Pressure Condition: Vactum 

Steam Velocity: 260 tnt Ss) 

Data Vu Tin lout Ts Te-Ti 
t (m/s) (C) CC) (C) CG) 
l was) cleezcs welsh 48.6 [255 
2 1.16 ag Des AOL ES 48.09 Pass 
S aes ep.on4a Dad. a. 37 bea 
4 1.49 21.04 Ce whe 48.38 tesa 
S ee 7 2<@.88 Pan 48.04 Loz4 
6 leo? 20.88 wee Ve 48.09 ies 
7 Oe ZU.ta ee sia 48.75 jee les 
8 Zeo4 20.78 21-290 48.63 Leelee 
3 2.62 20571 let 48.12 1.03 

10 Zoo. 29.71 Pa ee 48.74 1.03 

1] 3.@@ 20.66 21264 a6°..61 533) 

12 3.00 20.66 Zio} 48.67 5 aha 

13 a2 58 -0.61 21.50 48.68 . 88 

14 S.c0 20.52 fale o) 48.@9 .68 

tS e265 Fl ty Piss Pi) le 48.18 .84 

16 S265 29.60 21.43 4£0°.79 .84 

17 fet G AS) 2e.0b 48 .@@ bP. 56 

18 P16 21250 Zeon 48.75 1.56 


Tube umber: 75 

File Name: Fa7SSAvV 1 

Pressure Condition: Vacuum 

Steam Velocity: 2 aris & ) 

Data Vu Tin Tout Ts fo-i4 
f (m/s) (C) Ce) CC) ‘C) 
l 1.16 Fig a | 22.06 49.69 Neen 
é beet fives fc.05 48.82 P25! 
5 Paces 21,44 22.50 48.61! lie 
4 Lis) leaks o2e45 48.71 boo 
5 P2627 A Vas Apes 45,67 bed 
6 eo 20759 cc. 2Q a0 .57 bol 
ff aoe 0.89 AAW sis, 48.30 Peas 
8 Pe 22.89 2iear a0. 56 1.08 
< Pigna Sis 20. G2 Zee) 48.74 Rohs 

1 Waele ea 22.82 Ze 48.79 OS's 

i 3.02 202 G ela 48.27 ge 

12 35.92 20.77 21.68 48.64 ol 

13 SoA 2Q@.73 2bsS7 48.21 .84 
14 Sioa 2Ueas a Wes ig 48.34 .84 

15 Lng [sik 20.70 21.50 48.78 iis 

16 Sao 20.71 2lnor 48.30 . B82 

i iG 21.37 22.86 we. Be P49 

18 PG Pag 4 cc. 86 48.09 e44 
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Tube Number: 76 


File Name: FA7TES@V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (M/s) 

Data Vu Tin Tout Ts lo- Ti 
t (m/s) CG) Ce) (C) Ce) 
j ee cout 23.60 A8.31 1.50 
2 116 Zeit 25.60 AGE AZ 1.50 
3 1249 21592 20.28 40-65 | beh aiss 
4 og Fas Wes |2 Cone q8225 sa 
5 1.86 Pag ATES LEASES 48.52 je | 
6 1.86 Ais Weert Beat 48.56 
7 2204 elo ce. 78 48.53 1.10 
8 aie Fats 21,63 eee10 48.56 1210 
9g 2 be 21.60 22.61 48.33 Pee | 

10 2262 ray Lele | me. | 48.28 1.00 

11 3.02 AUS 5) ae as AB.34 ede 

A 3.00 21.56 22.48 48.43 92 

13 S230 2 esa c2.a9 48.4S S25 

14 Sov 254 2e«40 48.34 eS 

15 3.64 Fails) 5) Fag ts} A245 .8i 

16 3.64 21.535 Bee 4 48.34 sail 

17 a6 Pg es 25.02 ASieae Sd 

18 ls Tire A | Alyse 48.45 VeSz 

Tube Number: Te 

File Name: Fa77SO0V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Uw Tin Tout Ts hiro Se fa | 
8 (m/s) cc} ~C) CC) GG) 
1 Lore Ares | A eat a! 48.25 1.50 
2 PG Zoe arate 48.59 150 
3 1.48 cc .@8 25.56 48.21 12351 
4 1.48 c2.@8 ESGSo 48.16 | ee Pia 
5 1.86 21.93 2oell A8.35 1.18 
6 1.86 Be) gas) sa | | 48.70 ie as) 
v 2.24 Ai eS 22.99 AG 272 1.07 
8 Dea ele ce 22.89 48.36 L207 
S, 2. bie Zl 4 Pagid Be 48.65 200 

10 eee Pal eters LOE 48.76 97 

11 3.2 21-69 22e5o 48.36 534 

ir 3.@@ 21.69 APs) 48.28 ays hf) 

13 Seo 8 21.64 Zech 48.23 13)! 

14 Soot Zib4 ec .47 43.12 oe) 

iS 3.64 @Alesorl 222.41 48.@6 tes! 

16 S264 Zlib rape S| 48.15 SiS) 

17 1.16 Aaghar ye Fa a A: 48.71 1.48 

18 1.16 Pa Pan aa | ARTIS 48.38 1.48 
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Tube Number: 78 


File Name: FATOHSOVS 

Pressure Condition: Vacuum 

Steam Vclocity: en (nS) 

Data Uw Tin Tout Is lige 1 
tt (m/s) CC) CC) CE:) CG) 
j 116 Pa AB PRS 486.74 1.58 
2 Pere 2 lees Zon 48.33 1.58 
3 1.48 may (ae Rey 48.65 1258 
4 1.49 alia ie Oe 48.49 j 38 
5 1-87 20.97 Goce 46256 L.22 
6 [267 20 23 Aap 48.68 Mecn 
a 2224 20.88 Fel eos | AB. ee 
8 Agra 20.87 A199 48.30 | es | 
2 2.6 20.81 21.03 AG223 1.035 

10 2 abe 2004 e185 48.36 1203 

gi 3.9 20.74 Ble OS 48.20 sulky 

iz 3.00 20.74 ml. bb 48.11 5 oh 

13 Sia8 <-@.69 21.56 A8.62 oc 

14 3.50 20.70 A s\¢ 48.63 . 86 

1S S265 20.67 Al sey’) 48.78 84 

16 Lois Zino “2.86 48.46 | S6 

17 ee ls: el.52 Acres Bi | MS | Me ice 

18 1.16 21255 22.95 48.84 1.60 

Tube Number: a 

File Name: £O79S0V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Uw Tin Tout Ts loli 
tt (m/s) (©) CC) GG) eC) 
| lead AS: 21.38 PLANAR S Po: 48.65 oS 
a L216 C18 Pe OS | Ree 1255 
Ss 1.49 21.08 eegod 48.20 oe 
4 1.49 fa ee ee Ae SS 48.17 eS 7 
5) 1.87 21.04 Cover 48.58 lie25 
6 Lage 21.04 Dae 486.64 Le22 
7 cae Fig laa |’ ~2.@4 48.70 a je 
8 Page 20. Ses 20205 Aba sea aa | 
9 2262 2@.86 AALS (Shs A8.46 laGz 

10 2.bz 2@.86 21.88 48.3 1.@2 

11 3.@@ 20.80 21.74 48.57 aa 

12 3.@@ 22.80 ran ae A 486.65 Bish 

US) 3.38 29.76 21.64 46.56 .868 

14 o.o8 20.76 Pag IBA S16: 486.60 nod 

1S 32 ZOOS 21.56 a6.15 164) 

16 Beles 20.73 C135 48.10 Og 

17 1.16 21255 vayama) | 48.63 156 

18 LAG 21.4@ 22.99 486.7@ eos 
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Tube Number: 90 


File Name: FAASHY | 

Pressure Condition: Vacuum 

Steam Velocity: 7 ns) 

Vata Uw Ttn lout Is lo Wt 
tt (m/s) (C) CC) (6) CG) 
1 1.16 PGES & TS) 48.33 AG 
Fea jets 25.56 25.06 48.65 1.59 
3 15428 2a. ob 24.79 48.76 [34 
4 1248 25557 24.78 ED er Bs lvos 
5 1.86 Bee Aen S 48.52 ee) 
6 1.86 Vif eet ZA CAG 43557 ez 
a Vag: 2S ele OA ae 48.21 1203 
8 2.24 Zoe 2 7 Pa 48.12 109 
9 cnn Zo.us 24.06 48.48 1.@1 

10 Pia s\\| Zoos 24.06 48.56 iO 

1 dead oun Oo apo pgs |S) 48.61 fae fe 

12 eods 23-00 Zona ros Fa) mod 

BS) Bead ALR Re he Lose AG. 54 .88 

14 Srey | E2246 Lon 48.4] . 88 

1S 3.64 Pa ae We! AS ai 10057 Be 8 

J6 3.64 22 e55 25205 48.@9 ngs Re 

1? a5 23.56 coa.0s 48.7@ 1.49 

18 16 ME e ys) 25-06 48.69 145 

Tube Number: Ps 1 

File Name: FQ@91SO0V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.8 (m/s) 

Data Vw Tin Tout Ts le=ti 
f (m/s) CC) CC.) CC) (Cc) 
1 1.16 Z2oea0 25.00 48.04 L242 
Z 1.16 25.50 25.00 48.64 en 
3 1.48 2a .90 24.63 48.84 ers 
4 1.48 SNS 24:63 48.18 hecs 
5 1.86 Loses 24-35 48.89 ieee le! 
6 feo Zone ZA. OG 48.58 eel 
q Ae ut CoA ea .14 48.09 1.90 
8 Ae Pas) 25-8 24.14 48.13 1.00 
3 eel 25.07 ao-40 48.75 yae 

10 Fed Sm | CS.07 Loud 48.74 ail 

11 Ash 23.9) Boas A8.69 .84 

LZ Fain |bs| Zool —5 89 48.90 BS ko) 

Ss Oot PLP | 8 23.74 48.79 ote 

14 Sel 22a o4 25n14 48.10 7G 

1S) 3.64 Magia eis) Zoo 48.20 27S 

16 5.64 Pie as Eowot 48.69 aa 

17 PG Zo 00 25.0) 48,903 1.40 

18 1.16 Z2o-00 25.080 AGs21 1.49 
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Tube Number: 


File Name: 
Pressure Condition: 
Steam Velocity: 


Data 


% 


— 
—= ea oarin wa Gln -— 


— 
RJ 


ee ee ee ce 
mnN nS OW 


Tube thimber: 


Uw 


(m/s) 


— = i OF ta WA? N RIM A Ne ee ee 


-16 
-16 
48 
.48 
. 86 
.86 
24 
24 
761 
Bey | 
Jo 
Sesls) 
<on 
oe 
64 
.64 
.16 
216 


File Name: 
Pressure Condition: 
Steam Velocity: 


Data 


8 


— 
S woanon vawnay= 


— 
==. 


— 
Lp 


ed 
osm Ua OO 


Uw 


(m/s) 


—=— CF OF GY OAD MI AD PI NIN ee ee ee 


a6 
o16 
48 
.48 
36 
. 86 
24 
.c4 
Als) 
biey)| 
oo 
er) 
oF 
more 
64 
64 
«16 
~16 


Tin 


Je 


F@IZSOV 1 


Yacuum 


2.@ (m/s) 


13 


FQ93S0V1 


VYacuum 


2.9 (m/s) 


Ts 


(C) 


48 
48. 
48. 
48. 
48 
48 
48 
48. 
48. 
48. 
48. 
48. 
48. 
48 
48. 
48. 
48. 
48 


ioe 


ett 


~ 
Q 


Ze 


24 


eee 
sag 
oa7 


“” 
<4 


Lon} 
a 


49 
6 1 
61 
41 


sy 


62 
25 
82 


-o 


to-1 i 
CC) 


46 
~46 


“" 
a 


ced 
~16 
5 US 
oOo 
.@5 
. 98 
ao? 
- 32 
. 32 
oo 
84 
aol 
80 


To-Ti 


e ° . s e e 
— 


Tube Number: 94 


File thame: FOOUASAV! 

Pressure Condition: Vactium 

Steam Velocity: o20 (Unm/s ) 

Data Vw bin Tout Ts lo=T i 
ft (m/s ) CC>) CC) cc) Cie) 
1 es Doe A oe AB .Q@4 1.54 
Z eel Ome 24.82 48.84 aoa 
) 1.48 ZoeOd 4) UBS 48.90 ie G 
4 1.48 23.08 AAA 48.80 136 
5 1) 135 Me AS I 24.16 AT 97 | a ae 
6 1.86 22.94 24.16 48.04 ece 
y, 2.24 22.05 Zoe 0S 48.41 Peale 
8 Rea Pa Paere 3: 25.95 48.70 Walz 
3 2.61 PPT hs! 25.60 48.34 1.@S 

10 cool BP TES 25.00 48.36 1.@S 

11 Fa, S)s| 22.70 25-68 46255 500 

PZ 2255 oo. 10 ZonbG 48.52 fod 

13 ee js 7208) Se ae at | AG RAZ ae 

14 Sot Pia) ENS. 25-56 Ag, 52 asp)! 

15 3.64 Leae 23.50 48.29 .87 

16 3.64 Pip oy 23.50 48.S2 aB7 

17 116 2oeee 24.80 48.18 1.54 

18 1.16 Zoe oO 24.80 AG ie Lg sie 

Tube Number: S15) 

File Name: FQ9SS@V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vw Tin Tout Ts Tot 
ft (m/s) Ce) Ce) i G] CE) 
1 1216 MA le dey si 46.39 1.54 
2 Las 7a As | E4250 48.13 1.54 
5 1.48 cure 4.17 48.16 eo 
4 1.48 fafa 7/18 | 24.17 48.68 1.39 
5 isle; eo Oe Loads 468.13 Paes 
6 1.86 Leaoe 25.06 48.19 ee 
7 “eA e2.Se Zo, ob AG. 2S eal. 
8 2224 Coa oo:566 48.71 1.14 
is Eeoe 22.45 25. 5A 48.81 1.@6 

10 Cape 22545 25.50 48.18 ios 

11 Ya abs Tifa’ Bis lo eeee | AG ec Aisi] 

4 BBS 22.50 fie Pee 7 48.66 ssi) 

13 B27 L2ca4 25628 W832 ke, 

14 ot 22.34 oes AG. SZ oa5 

Sy sb Cena) ED oo 48.58 51818 

16 Se oy 2e75l 2320 46711 gag 

7 Tae Us) Lado 24.49 48.85 eos 

18 Leib oer age NSS AGn21 1.56 


[53 


Tube Number: 
File Name: 
Pressure Condition: 


Steam Velocity: 
Data Vu Tin 
t (m/s) (C) 
1 Peeks 29.62 
2 1.16 20.595 
re) 49 <@.34 
4 1.49 2.34 
5 b.87 20.16 
6 Pea ¢ 20716 
a pes: 2@.04 
8 Aaya’ 20.@4 
q Ra oye] 13595 
10 2.60 19.35 
1] 3.91 19.88 
be 3.@1 baeu7 
13 e209 ea Go 
14 Sine) 13279 
1S 3.66 ae 7 
16 3.66 3.735 
iy 1.16 eOsog 
18 1.16 20.59 


Tubs Number: 
File Name: 
Fressure Condition: 


Steam Velocity: 
Data Vus Tin 
t (m/s) sO) 
J 1.16 20.35 
2 1.16 20.34 
5 1.49 20.12 
4 245 20 te 
S lea? 19.95 
6 lee7 3) Bie! 
2 Zea5 i. 82 
8 oon 13.92 
9 Css 19..73 
12 cab 3 bis Pe pi 
11 3.@1 Pa267 
2 3.@1 19.67 
13 o.o9 19.62 
14 be 59 19.62 
15 3.66 192538 
16 3.66 13.58 
7 eA? Pall Pas 
18 lel 7 20.29 


74 
FO7TAS@A1 
Atmospheric 
1.@ (m/s) 
Tout Ts 
CC) CC) 


25.00 100.12 
C5547 ES are 
24.83 108.20 
24.83 SIS [28] 
24.11 100.13 
24.19 99°62 
eo.01 9274 
75,51 a9. 74 
fowl oh eat ats 
7 Ca 99.74 


mond4 10@.@6 
mega S3hazZ 
2e.6 7 99.66 
22.66 99.72 
mew ¢ 1Q@@. 30 
72.46 100.24 
em.be aones 
25.63 “Sle =) | 
74 
FQ74S@A2 
Atmospheric 
1.0 (m/s) 
Tout is 
CC) Coy) 


25.60 100.10 
25.61 ose 
24.67 Shires. 

4.69 10@.@1 
Pil Be BS | 99.70 
~ 4.00 89.75 
23.49 g9.00 
25.49 daego 
eo.09 100.04 
fe | 39,935 
22.09 10@.@2 
22219 108.02 
ool S9m04 
22.5) 39-65 
22.54 99-60 
22.34 Bs [es | 
25-69 100.03 
25.68 o9..97 
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C1 UT NIN PIPIWwW OF OWN We oo 
tJ 


To-Ti 
(Co 


oe} 
ec 


yy 
0 & 


55 
-50 
eS 
.2S 
-67 
.68 
a6 
cae 
si2 
sZ 
og 
. 92 
~ 76 
a1 
sod 
son 


Mons nnywnw aww arrar wy 


Tube Number: 
File Name: 
Pressure Condition: 


Steam Velocity: 
Data Vu Tin 
t (m/s) (C) 
l Vale Zio e 
2 Ls t6 Blo) 
3 143 21.30 
4 lai Zig oO 
5 ERS 7 Zarlea 
6 Nee Sarg Zien 
o 2uek 2i.a3 
8 ASR Ti 21203 
9 2.62 2@.94 
12 2<6@ 29.94 
11 3.9@ 28.88 
12 3.20 20.88 
13 es 20.83 
{4 J.o8 20.83 
1S e265 2®.8@ 
16 5.65 20.80 
We 1ehb 21.48 
18 ee 2149 


Tube Number: 
File Name: 
Pressure Condition: 


Steam Velocity: 
Data Vw Tin 
i (m/s) (C) 
J Pat6 2é.50 
2 116 22.68 
3 lis43 22540 
4 1.48 e247 
5 1.86 20 2Se 
6 1.86 GLY Se 
fi Cae Zowe 
8 ese 2a ee 
s, eb Zeal4 
1@ Cube c2.14 
1 3.900 22.@8 
12 3.@@ 22.08 
13 S230 2e205 
14 Kees 7 22.03 
15 3.64 22.00 
16 3.54 22.80 
17 Galle PP 8) %) 
18 1.16 22.66 


18 
FO7SSON1 
Atmospheric 
1.0 (m/s) 
Tout Ts 
CC) CC) 


RAS Rls Te 99.90 
2099 100.02 
eaeto 100.85 
2a.c0 39206 
Eo. ho 100.08 
ea.19 99.58 
24.70 Jie 00 
24.70 d2.478 
2453 100.00 
eW.335 100.00 
24.@5 dowiod 
¢4.05 10@.@35 


ie ae Go| 53-06 
eres 1020.20 
Co yoe 100.@2 
25455 99298 
26.50 99.94 
76.56 elsle cl 
76 
FO@7BS@AL 
Atmospheric 
1.0 (m/s) 
Tout Ts 
On, CG) 


8.07 100.09 


20207 dg238 
iat rea: Sisieis) 3 
2 se 100.01 
c6.60 100.01 
7 sate LOG. 12 
Fal 55 WS; 10Q.11 
26.015 10@.@6 
29.16 1Q0.04 


Fis Sat Bs, 100.0! 
25.50 100.@1 
AS eey)| 39.90 
Zea 100.07 
25ee8 a oe 
25.07 selon)! 
25.08 100.07 
28.01 idaho 
28.05 100.02 


15) 


life er 
(C) 


. 86 
.98 
c49 
48 
-O1 
02 
.68 
67 
Rds, 
ao 
216 
5 
~ 9b 
|S 
hole, 
a ae 
ees 
28 


MONI NMNNMNMNWNWNNnwovJrrr eo mm 


fo—1 i 
CG) 


fog 
woo 
5 fle, 
ies 
eo 
si 


Len} 
a 


.9A 
64 
64 
42 
243 
20 


Len | 
a 


7 
. 98 
oo 
525] 


MNOWwWAwnnwwnanunwnnnwnae rh adr out 


Tube Number: UC 


File Name: FO7T7SOAL 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Uw Tin Tout Ts iho= 14 
t (m/s) Gt) CE CL CC) 
l 106 Geen fens, So? Sse 
2 eas Fah aes 27.66 Sslsl5 314) Sam 
o 1.49 Ager | “6.76 49-385 4.54 
4 1.49 eect Pal spa 7a S964 4.52 
5 1.86 22.04 26.05 99.94 4.01! 
6 1.86 22.@4 26.06 S382 4202 
a | 21.94 Sy Sie) S/S 6 Sl% 3.64 
8 Page 21.94 25.59 100.16 a les 
9 2 Ge 21.86 Eowe 100.06 S255 

1Q 2.62 21.86 ome 99.88 S55 

16) 3.80 21.80 Pact BOI 2 S11 
12 3.@@ 21.80 24.90 99.79 S210 

13 Dew Aas 24.65 sissies) ee 
{4 3.5% 2.75 Weaees4 100.04 2.90 

15 3.64 z c 24.49 190.06 26 
16 5:64 ei.da 24.50 100.08 eee 

17 ae is be eo 2726) ao, dic See 

18 hg sy Be od et) AS) 100.@0 See 

Tube Humber: 78 

File Name: FO7BS@AI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Uw Tin Tout Ts ho-! i 
8 (m/s) (C) (C) CG) (C) 
! P2865 21.0 2G2c 100.15 Se 
c es 21.00 26.28 100.14 Beco 
Z lea 20.79 Fila P48. 99.93 4.49 
4 1.49 20.79 25.28 99.75 4.49 
5 ie ls) 2@.63 24.50 100.05 a) Eis 
5 Be 8! 7) 20-263 24.57 99.97 3.94 
i 2029 20.S2 24.08 945.63 3256 
8 E25 29.S2 24 .@S lela 3h) 3.53 
5, 2 obec 20.44 29.66 32509 Bote 

1@ 2.62 20.44 2s .569 S/S 5 ls 2b 

1! 3.80 20.38 boeNe sie). 3% 3.Q4 

12 3.00 20.37 <~3.40 100.01 S.0e 

13 3.58 20,58 25.16 100.08 2.84 

14 So50 20.32 Zo. 14 a5), 95 FL SM 

15 15S 20 ye ale ahs] 100.00 2270 

16 3.65 20.2 ec.94 99.78 2.66 

1%, 1.16 20.95 cone! 99.87 S.27 

18 }eU6 20.97 20220 S)s)- 3) re 
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Tube Number: 


File Name: 


Pressure Condition: 
Steam Velocity: 


Nata Vw 
tt (m/s) 


216 
16 
Fs] 
43 


— i ee ep 

or oanmMa wan guoanonnmawWwnhrn 
S 
S 


Tube tlhimber: 


File Name: 


Pressure Condition: 
Steam Velocity: 


Data Was 
f (m/s) 
i Pe VS) 
2 je eS 
b P43 
4 44 
5 1287 
6 LAB 
7 2225 
8 ARE 
9 fh Sie 
10 2 GZ 

11 3.90 
12 3.90 

13 3.38 
14 SoG 

15 3.65 
16 S05 


Tin 
309) 


Zl 


a“ 
ca 


20 
Coy 
Pe 


5 
a 


-~ 
a 


29 


~“ 
a 


~“ 
a 


09 
10 
20. 
2Q. 
74 
74 
.64 
20. 


od 
a3 


63 


oo 
20. 
20. 


56 
oh) 


50 
ets 
20. 


4S 
4S 


42 
42 


78 

FO7BSOA2 

Atmospheric 

20 (m7 Ss) 
Tout is 

eC.) CC.) 

25.85 esl SIE 
252.05 100.03 
24.90 100.05 
~4.90 100.07 
ea.20 100.901 
24.19 100.00 
2o.10 190.90 
£57569 99,97 
ZOu00 S|3) a Shs) 
Age Ory 100.01 
23.04 100.905 
23.04 100.05 
22.80 99299 
e2.00 10@.91 
22.64 100.01 
S250 100.01 
Psi 7 ¥: a9. 99 
Flies iy 89592 

739 

FA79S@N1 

Atmospheric 

1.@ (m/s) 
Tout Ts 

CG) cc. 

2625 99.95 
eb.2 100.01 
25.0 32.607 
BAS) aon d5 
24.68 100.905 
246i ¢ 100.03 
2c4.19 eo 
74-14 ao.07 
2a.70 SPS ios | 
Zoct4 sie) Gia! 
Zou Se 3269 
235, 51 $9.39 
£3 20 63..95 
igh Bes 49709 
woe ll 100.09 
PT, (| 100.98 


oy 


to-11 
Ce. 


als 


elS 


.39 
39 
.85 
.B5 
47 
47 
.19 
18 
697. 
97 
78 
78 
66 
66 
ia 
ais 


wm Mea TInININ PI WWNWNWDWNWo oa amo 


roe- 1 1 
10) 


715 
1S 
44 
44 
94 
a9 
l= 
»96 
Zo 
oho 
83 
01 
-ao 
84 
-69 
ead 


NONNNWOAWGAWAWwW oP PS 


Tube Number: 


File Name: 
Pressure Condition: 


Steam Velocity: 


Data 


$ 


wan nuAann- 


10 


Tube Number: 


Oi Wo GOI WN ta NN = = = eS = 


Uw 
(m/s) 


iG 
Sie 
49 
49 
By 2 
-O¢ 
a2 o 
oS 
ol 
.63 
. 82 


File Name: 
Fressure Condition: 


Steam Velocity: 


Data 


gt 


ee ee ee ee 
noMaune owas OU ah 


iy GW oi GI Gi GY Ag AO RQ BS oR Pee er eS 


Uw 
(m/s) 


as 
~16 
49 
49 
sn 
87 
soo 
Pes 
ere 
ase 
-@0 
88 
2o8 
og 
-65 
ales) 


200 
ee: 
2 


Tin 
CG) 


Bes 
74 


7% 


JU 


“ 
ve 


5 


« & 


14 
cl 
.07 
87 
. 82 
. 00 
of 
- 97 


mNAIM Oo Ww OA Ooo Ss a woo 


RJ A 63 82 63 fF) AS BION eS Fo AD BT ob NO 


NMP MW WW Ge oe em eh Ae 0! 


fh2 OJ P22 RO PS 82 #2 PS PQ A AD SI A PI A FI 


rAdaSANI 
Atmospheric 
1.0 (m/s) 


Tout 
CG) 


91 
Oe 
0S 
05 
i SA 
34 
=83 
84 
.48 
49 
.20 
5 =, 
shy 
asks 
Sere: 
aa 


FOSIS@AI 
Atmospheric 
1.@ (m/s) 


Tout 
CC) 


ont 
aed 
are 
-78 
le 
iG 
sh) 
bo 
a0 
Re 
.@6 
205 
tee 
es, 
Shale 
2-67 


(C) 


a3 
90 
. 00 
12 
49 


(C) 


oo 
.@1 
Be, 
. 82 
. 89 
.@9 


i) 
a 


uo 
.@4 
. 92 
O07 
.@6 
B2 
.81 
@1 
Cs 


SITIPINI WANN oe | uo 


PION PAN FIN ww oo WOW Aa ea aA 


lo=i i 


No- Ti 
(C) 


81 
ie 
.@3 
210 
o1SiS: 
-66 
226 
225 
cut 
81 
. 80 
. 82 
.60 
.6@ 
5% 
ol 


Tube Number: ae 


File Name: FOSLSANI 
Pressure Condition: Atmospheric 
Steam Velocity: 1.0 (m/s) 

Data Uw hin Tout Ts lo-11 
t (m/s) CC CE? (CG) (C) 
] 1.16 <-@.66 25.90 9992 Ben 
Zz sea ie 20.66 25.94 S9eg7 Sy 
3 reas 20.46 2404 Sala eigs 4.48 
4 1.49 20.46 24.94 Sand 7 A.4B 
5 1.67 20.31 ZA22 1) 100.02 S241 
Ss 1287 20.3) 24.2} Sisal 4 sles 3.390 
v4 225 20 ce Zo.07 S332 3.47 
8 2220 BO we 25.68 102.00 3.48 
5 2.0 20. 12 23.50 102.28 See 
12 A a 20 M2 25.50 10@.@9 Sa) les, 
11 3.00 20.@6 co.02 100.80 Aes 
12 2.80 c@.@6 25,035 §9'...99 Ae neS |e! 
13 ooo 20.01 Bead eh) Sh 2.76 
14 Soe 20.01 GewtG Shai s sis Fe a ae 
1S g205 Pon ae 22.66 9299 BS syle: 
16 S265 Ns Pas!s| eL <p5 100.08 2.67 

Tube Number: 93 

File Name: FQ93S@A1 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/s) 

Data Uy Tin Tout Ts lo? 1 
(m/s) CG.) i Oe (C) CC? 
l lel 20.71 26.415 a9-40 S543 
2 1.16 20.77 2622 102.04 S.45 
3 1.49 20.265 25.24 Soed2 4.6) 
4 1243 20.62 25.24 Oo 292 4.62 
5 1.87 20.48 24257 10@.12 4.09 
6 L287 20.48 24.56 100.132 4.28 
7 Ee Raye 24.07 100.04 3270 
8 2 3e5 2@.3 24.07 goed By | 
9 2s05 20.2% WEES S S45 40 Hos! 
12 2.00 eel? 25.600 a) 3) bs 8) 1) | 
1) 3.90 2052 ZO.o6 100.20 Sees 
c 3.90 BO ce LoS Slele ele: S215 
13 32068 2@.14 Aa ee Ws 3/8 44/5) Zrat 
14 me oe 20.14 eon She las) fee isle' 
1S 3.65 2@.10 22.96 100.09 c.86 
16 8.65 20.12 22.96 102.09 2.05 
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Tube Number: 94 


File Name: POUASANI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.0 (m/5) 

Data Vu Tin Tout ls Le vos i | 
8 (m/s) CC) CG) 18, Ce 
l 1.16 AUS hs) 76.54 190.98 5.45 
2 sis 21.89 26.54 992-99 5.46 
5 149 2@.88 257.56 100.08 4.68 
4 149 2@.88 25.50 100.21 4.70 
5 1.87 COete 24nd 102.08 ANS 
6 167 20-72 24.88 a)6. 63), 4.16 
7 fk Pas: 28.61 Hag) 39.97 ory 
8 2.25 28.61 Canoe 10@.@6 Berl 
g Zeoc 20.53 FERS || aS30 3.46 

12 2eae 20252 23.98 120.26 5-246 

Mi 3.82 20.46 20.66 99.96 Ore 

iif4 3.@@ 2@.46 ao.09 oo.79 oRco 

13 S708 2@.41 20.435 So .07 ore 

14 3.38 20.41 PA a NS) SIBIe 3 h Se0Z 

15 5.65 20258 Boe 1040.05 2200 

16 3.65 eva 25228 100.29 Peed 

17 Ps Cia 26.46 is [hs | ois | 5.40 

18 bel 21.05 26.48 100.14 Sul 

Tube Number: 35 

File Name: FQ9SSON!I 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Vw Tin Tout Ts Tosi 
ft (m/s) (C) (C) (C) ot) 
1 1.16 eleQc 26.61 isthe [As he. 5.62 
Z 1.16 PaO Pi 26.61 100.11 Sisk 
5 1.49 2@.81 25.61 99.90 4.80 
4 ere es 22.81 25.59 10@.@2 4.78 
5 ieee 22.66 24.87 10@.@6 Awe) 
6 1.87 20.66 Zea 93) 99.99 Vs, 
7 aa 20.599 ey ee 100.00 Sere 
8 Zee 20.55 ZAnoS 10@.13 eae 
8 ACR SPs 20.47 Fila ois We) 10@.@3 5246 

1@ Zaoe 20.47 Zo.04 1@@.@8 9.46 

11 3.20 20.41 £9.64 10@.@0 ea) 

iz 3.@@ 20.41 GN SSS) a9 82 Seo 

i} S200 20.36 Cosot 10@.@5 mr 

14 3.38 eWcaT 7a Peel 8: 100.@9 anu 

15 B65 20.34 Cowes 39.92 2.88 

16 3.55 20.34 OMee 99.84 2.88 

17 es 21.82 25.090 Shei SIS ope te 

18 1.16 Zl.ve 2655 q9..35 = Pes fe, 
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Tube Number: 86 


File Name: FARGSAVI 

Pressure Condition: Vacuun 

Steam Velocity: 2.9 (m/s) 

Data Vw Tin Tout Ts to-11 
tt (m/s) (C) (C) Ce) CE) 
1 1.16 21208 ape we NB 7e 1.69 
if 1.16 ci.88 Book 7 ABS 19 Vets 
3 1.49 21.68 25.09 AB ve by4el 
4 1.49 2108 25.00 48.26 bean 
S 1.86 PL \ ek SPR pee CO A8.15 P26 
6 1.86 Fae lS AAR TES: 4825 ez 
Ys EaZa 21.42 Bed 48.67 lees 
8 PU ele42 22.56 48.11 er 4 
a Aap oe oon 22.40 4B .4@ 1.@6 

1@ 2.62 21224 72.40 48.60 1.@6 

11 3.20 21-2 Bie 48.58 99 

12 3.@0 Zio Deewet 48.81 “ 3) 5) 

13 BAS Claas 2315 sBe25 re 

14 B2o0 2120 Ze. 14 48.86 ac 

US 3.65 Pees) 2c.08 ABT 5008 

16 S65 2leZz6 22.07 48.58 208 

17 eG Ze85 ZoaN5 A8.18 1.6@ 

18 boa6 21.88 25.47 48.70 a sas. 

Tube Number: 06 

File Name: FOOEBSOVI1 

Fressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vu Tin Tout Ts fje-t4 
ft (m/s) (C) cc) te) CC) 
l 1.16 becl so Age Rs 48.5@ abc 
2 1.16 Zens 23.74 Apeae io 
3 eS) el Se ALR aL 48.36 et 
4 1.49 21.92 23.54 48.41 eae 
3 Pe Oi Pag eat 22.98 48.50 lee 
6 137 ae a oP pe.o0 48.37 26 
7 Zo Zee Tap pet is 48.35 i 4 
3) 2551 21.60 22.84 48.50 1.14 
<, 3.00 ZA Sz C2250 48.37 1.@6 

10 3.00 21552 fi os Sey | 48.45 1.@5 

11 3.43 e247 22,44 48.39 oir 

12 S43 21.46 22.46 48.42 1.00 

13 3.86 21541 Ze+06 4e43 ~94 

14 Bee) 21.41 22255 48.55 eo4 

15 4.42 Zi. 56 22225 48.34 = 18)3) 

16 4.40 Ze ST 22.26 48.43 .89 

17 1.16 ae | court 48.42 1.60 

18 L2k6 2280S 23.69 46257 1.60 
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Tube Number: 96 


File Name: FQ96S0V I 

Pressure Condition: Vacuum 

Steam Velocity: 2.9 (m/s) 

Data Uw Tin Tout Ts To-T i 
tt (m/s) CC) (C) CGA CC 
1 1.l6 2eeos 24.18 48.30 154 
2 feiG 22 363 ee | AGeze ie oS 
3 1.48 eLeae 23.81 48.51 eo 
4 1.48 ae use Zoe! 48.40 8) 
S Wes Etiwe Bows o 48.36 tec 
6 el fe ee 25.45 S855 | gr 
7 fagie Ze504 2 eS 48.40 10 
8 (amen | 22.09 25.19 48.44 jee 
5 Figs ys 22.00 20.00 AGe so Oz 

12 299 on. 99 25.01 48.48 1202 

11 5.43 2). 94 co. 99 48.40 Sls 
ra S243 2B) ies % ALR SI's 48.40 .96 

3 Soo 2a. SO me.00 48.60 oa0) 

14 3. ab 21. 30 22.80 48.62 Fao 

iS 4.40 21.00 22.10 48.62 .84 

16 4.40 21.86 22270 48.42 .B4 

1a i16 Lees 24.12 45.61! LSS 

18 P16 22.98 Ags \uaet) OS: AGao¢ s5 

Tube Number: B3 

File Name: F@8550V1 

Pressure Condition: Vacuum 

Steam Velocity: 2.0 (m/s) 

Data Vw Tin Tout Ts Vo=Ti 
tt (m/s) CoD) CG) CC) (C) 
1 ES £2.64 ot eS | 48.36 6.7 
2 1.16 22.64 -4.30 48.56 1.66 
5 1.48 wena Eo. 91 48.50 1495 
4 1.48 Boal 25.90 48.54 1.49 
5 | ees brs foe 4 20.96 48.36 oe 
6 a7 eens 25.90 48.49 | ea 
7 AS). 22.08 25029 48.44 1.20 
8 Paes) | 22.%8 7a ee | 48.49 ee 
a Pages |, 2:.39 no. OF 48.54 12.10 
10 2.99 21.99 AS ee Bl 48.46 1.12 

11 3.48 Pe s| AS Be be. 90 43.57 1.@6 

12 3.45 eLeoe AL ANS 48.58 1.@6 

13 3.66 Pic) ines hi 22.88 a5 .59 1.01 
14 3.86 a || et 3 Af 22.88 48.49 1.01 

185) 4.40 Zi. 82 22.18 48.5@ yo5 

16 4.40 21.82 ee. 6 48.44 .9A 

17 1.16 Masi Par We Ves, 48.49 1.66 

18 1.16 Cag 24.20 A855 reat 
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Tube Number: 83 


File Name: FOB3SAV2 

Pressure Condition: Vacuum 

Steam Velocity: 2.8 (m/s) 

Data Uw iP a) Tout Ts To-Ti 
tt (m/s) (Co cc) (C) (Ee) 
j 1.16 22643 24.10 48.49 1.68 
72 ees Pig 24.09 48.50 ey, 
3) 1.48 Zeca! coer 48.51 eet 3 | 
4 L468 22020 25065 AB235 44 
5 Ee ie Leone Zoe 48.34 eS 
6 aS Ws 22.02 puSo, Ge) A635 | ee: 
7 Ceol <1.88 25-09 48.40 21 
8 Lal 21.88 e095 46259 ea 
s) 3.@@ e2letg Be oe Hn Shs | lee 

1@ 3.@@ 21.8@ eZ age AB oA | eee is 

11 Ce. elie Ze 216 48.47 1.02 

ee 3:43 ag eS Pa tes] A8.45 1.@6 

13 3.86 212638 A Sis | 467-535 1.@1 

14 3266 21 .ba Te fA) Age 49 1.061 

PS 4.40 2 iba aed AB.SA 295 

16 4.40 21. oa Ge oad 48.3 235 

1 Lal6 eoeoo 24.05 Ae eer 

18 Tags 22.56 24.@2 48.33 le6o 

Tube umber: 86 

File Name: FABES@AL 

Fressure Condition: Atmospheric 

Steam Velocity: 1.9 (m/s) 

Data Vw Tin Tout Ts Nor ls 
tt (m/s) Oe) CU CC) CG) 
l Ve pls elo! AL etsy | 99.85 B250 
2 ane CA<ol eb. a7 992.55 oe46 
5 a is, 21.31 26.02 100.04 Aa? 
4 49 Zio8 26.02 slele yds) 1) BAW OA 
5 LoF eles fe ses aS)a she) 4.16 
6 Lae? Cela pies Shia te )8) 4515 
7 oo24 21.04 24.084 9S. 96 3. 60 
8 2.24 21.04 Flr 8): 93-90 oe 
8, 2.62 20.96 24.46 sls 6 aly S50 

1@ Aa) Sy 20.96 Pe es B95 96 3250 

iD 3.8@ 28.90 24.18 a )ss/Re Shes | Sie rats 

12 3.@@ 20.90 Cael? d32 95 Smet 

5] a0 2@.85 oo. 90 99290 5.05 

14 D250 20.85 Zo 9 100.12 3.05 

1S S059 20 -Be nL Gay ge) 100.80 2-96 

16 o.oo 20.82 Ages Par a slslo Ske 2.96 

Hee 1.16 21.49 26.96 Sisip 34 Sead 

18 1.16 21.50 26.95 100.@2 S44 


163 


Tube Number: Q6 


File Name: FQQ6S@A1 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Vw Tin Tout Ts hoe t 
¥ (m/s) CC Cly (C) CG? 
1 1.16 clea eae od S)s), S12 5.88 
Z ).16 elie ei. 57 1020.08 5.5 
3 1.43 22S 26.43 99.99 4.92 
4 es | ele 26.42 Shs 5 Sis) a | 
iS lor oilese 25.49 100.0! A.17 
6 1.97 Zkeoe Ae Si So. 94 4.18 
vi 2.5) FAME 24.84 99,97 Bs) 
8 Ceol a Wes | (3 24283 1@0.96 3.70 
q 3.98 21.10 Z4.49 1090.10 3.38 

1 3.90 Zee ae ee is he ans | Re re 

1] 3.43 ZS e4c2) 99.86 3.16 

2 S43 21a 24a 99.90 ee) 7 

13 52a6 21.02 25,50 age a7 Paps |S 

14 Sells 21.00 See 3/3 SS es t/ Paes 3| 

1S A.4Q 2@.96 25.75 ehsle SI) 2.80 

16 4.42 22.96 Boe tS ssl si 2.80 

L7 1.16 21.67 2i.oe 190.11 5.88 

18 Wap lis 21.70 2t.o4 100.15 5. 85 

Tube Number: 96 

File Name: FASESON! 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Vw Tin Tout Ts To-Ti 
¥ (m/s) (C) (C) (C) CC) 
l ese: ge 1 24.05 $938.9 SS 
Zc eS) 22 lS 27 .bo a9. 06 Ss) 
3 1.49 21 92 26.55 100.97 4.64 
4 S| 2292 be go hs] aS he] 4.63 
S teS7 2iav4 29-660 Soe dic 3292 
6 ees is ele ge Ole eS! 19@.04 3.91 
% ee ol 2 lab 25.01 34,00 3.40 
8 oS) 21.61 25.01 Sigh Sal 3.40 
5 3.@0 21255 24.02 S5.0 7 3.@8 

10 3.99 2.55 24.62 dda S 62.09 

11 5.45 2.43 2 i Sis cose 2.86 

12 3.43 21.48 e453 83-98 2209 

85 3.86 21.43 24.09 Sis 3) 25S 

14 S206 214 24.09 99.84 2256 

lis 4.42 21.393 Zo. 06 Sislecsis) © its 

16 4.40 CNS | 23.86 100.90 2.47 

17 [16 Par are eS. Ete oe 100.04 ora0 

18 eas: Palas ae) Clsoo 100.08 S750 
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Tube Number: 83 


File Name: FOBSSANI 

Pressure Condition: Atmospheric 

Steam Velocity: 1.@ (m/s) 

Data Vw Tin Tout 1s lo=is 
| (m/s) (C) CC (C) CC) 
i 1.16 Beate 28.305 3989 5.60 
2 1.16 E2212 ebese 99. 96 5.60 
3 1.48 Zo Crecs 99.88 4.71 
4 1.48 22255 27.04 120.04 Ae 
5 loot, PPL Ss Ebs ou 100.02 4.02 
6 | Res bre ie 26.37 100.02 4.@2 
7 coals 22 uae 25-73 392.498 3.56 
8 2251 fuze 25200 39.92 3256 
S| 3.22 22.14 Pals ae) isla sis, Bis 4.3) 

10 3.02 22.14 25.41 aeeod 3.28 

11 3.43 22.09 25220 100.02 oe tele 
c er 22-03 false || 1@0.13 Bele 

1s 3.86 22.05 24259 39.96 2.44 

14 3.86 22.@5 24.39 100.8 TSS 

15 4.40 22.0) Fear Mer Ts 120.00 2.76 

16 4.42 22.01 24.76 Shoe 3hS) 2.15 

17 Ea alls cc. 76 ALS Bye SISs Sis. 5.56 

18 1h6 22m 15 Paes Wi 1S kes 5.56 
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